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" HIS Treatiſe was compoſed in 

| Latin, about fixty Years ago, 

by Dr DavIip GREGOR, then Profeſ- 
for of Mathematics in the Univerſity 
of Edinburgh; where it has been con- 
ſtantly taught fince that time, immedi- 
ately after Euclid's Elements and the 
plain Trigonometry, as proper for exer- 
cifing the Students in the Application 

of Geometry to Practice. The Book- 
ſeller having procured an Engliſh Tranſ- 

lation of it, which had been made by 

an ingenious Gentleman when a Stu. 
dent here, this Tranſlation has been 

revited 


i PREFACE 
teviſed ; and ſeveral Additions have been 
made to the treatiſe itſelf, in order to 
tender it more uſeful at this time. The 
Reader will find theſe diſtinguiſhed from 
the Author's Text. 
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PRACTICAL GEOMETRY. 


ILIITAVING explained the firſt fix 
books of Fuchd, with the ele- 
venth and twelfth, which may ſerve for 
geometrical elements ; and having al- 
ſo taught the plain Trigonometry ; we 
are now to ſubjoin ſome corollaries 
which are eafily deduced from them, 
that contain practical rules of great uſe 
in the affairs of life, concerning the 
menſuration of lines, angels, ſurfaces, 
and folids. 

This Treatiſe of Practical Geometry 
is divided into three parts. In the firſt, 


We 
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we treat of the menſuration of lines 
and angles; to which we have fſub- 
Joined Surveying, In the ſecond, we 
treat of ſurfaces; not of ſuch as are 
plain only, but of ſome curve ſurfaces 
likewiſe; as of the ſurface of the cylin- 
der, cone, and ſphere; and of thoſe 
parts of the ſphere which we have fie- 
quently occaſion to conſider, It is 
ſhewn how to expreſs the area of theſe 
in the ſuperficial meaſures that are now 
in uſe amongſt us. The third part 
treats of ſolid figures and their menſu- 


ration. After deducing the rules for 


finding the ſolid content of the paralle- 
lopipedon, priſm, pyramid, cylinder, 
cone, &c. from Euclid, we add, from 
Archimedes, the menſuration of the 
ſphere and ſpheroid, and of their ſeg- 
ments, demonſtrated in an eaſy manner ; 


from whence a method is derived for 


finding the contents of veſſels that are e1- 
ther full, or in part empty, in the wet as 
„ well 
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Fell as the dry meaſures, that are now 
in uſe amongſt us. 


„„ 


A Line, or length, to be meaſured, 
whether it be diſtance, height, or 
depth, is meaſured by a line lefs than 
it. With us the leaſt meaſure of length 
is an inch: not that we meaſure no line 
leſs than it, but becauſe we do not uſe 
the name of any meaſure below that of 


an inch; expreſling leſſer meaſures. by 


the fractions of an inch: and in this 


treatiſe we uſe decimal fractions as the 
eaſieſt. Twelve inches make a foot; 
three feet and an inch make the Scots 
ell; fix ells make a fall; forty falls 
make a furlong; eight furlongs make 
a mile: ſo that the Scots mile is 1184 
paces, accounting every pace to be 
five feet. Theſe things are according 
to the ſtatutes of Scotland; notwith+ 
ſtanding which, the glaziers uſe a foot 

ot 
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of only eight inches; and other artiſts 
for the moſt part uſe an Engliſh foot, 
on account of the ſeveral ſcales marked 
on the Engliſh foot-meaſure for their 
uſe. But the Engliſh foot is ſomewhat 
leſs than the Scots; ſo that 185 of theſe 
make 186 of thoſe. 

Lines, to the extremities and any in- 
termediate point of which you have ea- 
ſy acceſs, are meaſured by applying to 
them the common meaſure a number 
of times. But lines, to which you can- 
not have ſuch acceſs, are meaſured by 
methods taken from Geometry; the 
chief whereof we ſhall here endeavour 
to explain. The firſt is by the help of 
the Geometrical ſquare. 

As for the Engliſh ant the 

© yard i is three teet, or thirty-ſix inches. 
„A pole is fixteen feet and a half, or 
* five yards and a half. The chain, 
© commonly called Gunter's chain, is 
© four poles, or twenty two yards, that 
« jg, ſixty- ſix feet. An Engliſh ſtatute mile 
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* is fourſcore chains, or 1760 yards, 
as that i is, 5280 feet. 

The chain (which is now much in 
* uſe, becauſe it is very convenient for 
* ſarveyiag) is divided into a handred 
links, each of which is 7135 of an 
* inch: whence it is eaſy to reduce any 

number of thoſe links to feet, or any 

number of feet to links. 

* A chain that may have the ſame 
„advantages in ſarveying in Scotland, 
s Gunter's chain has in England, ought 
* to be in length ſeventy four feet, or 
* twenty four Scots ells, if no regard is 


% had to the difference of the Scots and 


* Engliſh foot above mentioned. But, 
* if regard is had to that difference, 


* the Scots chain ought to conſiſt of 


74 Engliſh feet, or 4 feet 4 inches 
and + of an inch. This chain being 
* divided into an hundred links, each 
* of thoſe links is 8 inches and 232 


1 5 5 5 


„of an inch. In the following table, 
the moſt noted meaſures are expreſ- 
| fed 
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** an inch.” 


—_—— Engliſh Inch. 
The Engliſh foot, is = 12 


The Paris foot, - = 12 
The Rhinland foot, meaſured 
nn,, 12 
The Scots foot, - = 12 
The Amſterdam foot, by Snellius 
and Picart, - 11 
The Dantzick foot, by Hevelius, 11 


The Daniſh foot, by Mr Picart, 12 


The Swediſh foot, by the ſame, 11- 


The Bruſſels foot, by the ſame, 10 


The Lyons foot, by Mr Auzout, 13 


The Bononian foot, by Mr Caſſini, 14 


The Milan foot, by Mr Auzout, 15 

The Roman palm uſed by mer- 
chants, according to the 
ſame, = - 9 

The Roman palm uſed by ar- 
chitects, - - 8 


The palm of Naples, according 


to Mr Auzout, - 10 


The Enliſh yard. 36 009 


* ſed in Engliſh inches and — 


Dec, 


172 


297 
465 
692 
828 
458 
938 


WW 


791 


779 


314 


The 


fo * 
* mY ber 


0 | Inch. 
"The Engliſh ell. «4s 
The Scots ell, = »; 0- 


The Paris aune uſed by mer- 

cers, according to Mr Picart, 46 
The Paris aune uſed by drapers, 
according to the ſame, 46 


The Lyons aune, by Mr Auzout, 46 


The Geneva aune, = 44 
The Amſterdam ell. 26 
The Daniſh ell, by Mr Picart, 24 
The Swediſh ell, - 23 
The Norway ell, - 24 
The Brabant or Antwerp ell, 27 
The Bruſſels ell, - 27 
The Bruges ell, - : 
The brace of Bononia, according 
to Auzout, - - 25 
The brace uſed by architects in 
Rome, — — 30 
The brace uſed in Rome by mer- 
chants, — 34 


The Florence brace uſed by mer- 
chants, according to Picart, 22 
'T he Florence geographical brace, 21 
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The vara of Seville, 


The vara of Madrid, - 
The vara of Portugal, 
The cavedo of portugal, - 


The ancient Roman foot, 11 632 
'The Perſian ariſh, according to 
Mr Greaves, - 38 364 
The ſhorter pike of Conſtanti- 
nople, according to the ſame, 25 576 
Another pike of Conſtantinople, 
according to Meſſ. Mallet and 
De is Fort, = © 27 920 


PROPOSITION I. | 


PROBLEM I. 


To deſcribe the firufiure of the Geome- 
trical fquar Es 
HE Geometrical ſquare is made of 


any ſolid matter, as braſs or wood, 
or of any four plain rulers joined to- 


— ) A. 
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gether at right angles, (as in Fig. 1.) 
| where A is the centre, from which 

- hangs a thread with a ſmall weight at 
the end, fo as to be directed always to 
the centre. Fach of the fides BE and 
DE is divided into an hundred equal 
parts, or (if the fides be long enough 
to admit of it) into a thouſand parts ; 
C and F are two fights, fixed on the fide 
AD. There is moreover an index GH, 
| which, when there is occaſion, is join- 
ed to the centre A, in ſuch manner as 
that-it can move round, and remain in 
any given fituation. On this index 
are two fights perpendicular to the 
right line going from the centre of the 
inſtrument : theſe are K and L. The 
fide DE of the inſtrument is called the 
upright fide E the reclining fide. 


B PROP. 
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PROP. II. Fis. 2. 
To meafure an acceſſible height, AB, by the 
help of a Geometrical ſquare, its diflance 
being known. 


ET BR be an horizontal plane, on 


which there ſtands perpendicular” 


ly any line AB: Let BD, the given di- 
ſtance of the obſervator from the height, 
be 96 feet; let the height of the abſer- 
vator's eye be ſuppoſed 6 feet; and let 
the inſtrument, held by a ſteady hand, 


or rather leaning on a ſupport, be di - 


rected towards the ſummit A, ſo that 
one eye (the other being ſhut) may ſee 
it clearly through the fights ; the per- 
pendicular or plam-line mean while 
hanging free, and touching the ſur- 
face of the inſtrument: Let now the 
perpendicular be ſuppoſed to cut off 
on the right ſide KN 80 equal parts. 
It is clear that LEN, ACK, are fimilar 
_ triangles; for the angles LEN, ACK, 
are 


. „ 


FS... * 
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are right angles, and therefore equal: 
moreover LN and AC are parallel, as 
being both perpendicular to the hori- 
zon ; conſequently, by Prop. 29. 1. B. 
of Euclid, the angles KLN, KAC, are 
equal; wherefore, by the ſecond corol- 


lary and of the 32. Prop. 1. B. of Eu- 


clid, the angles LNK, and AKC, are 
likewiſe equal: So that in the triangles 
NKL, KAC, (by the 4. Prop. of the 
6. B. of Euclid) as NK: KL :: KC 
(i. e. BD): CA; that is, as 80 to 100, 
ſo is 96 feet to CA. Therefore, by the 
rule of three, CA will be found to be 
120 feet; and CB, which is 6 feet, be- 


ing added, the whole height is 126 
feet. | 


But if the diſtance of the obſervator 
from the height, as BE, be ſuch, that, 
when the inſtrument is directed as for- 
merly toward the ſummit A, the per- 
pendicular falls on the angle P, oppo- 
ſite to H, the centre of the inſtrument, 
and BE cr CG be given of 120 feet; 

CA 
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CA will alſo be 120 feet. For in the 
triangles HGP, ACG, acquiangular, as 
in the preceeding caſe, as PG: GH:; 
GC : CA. But PG is equal to GH; 
therefore GC is likewiſe equal to CA; 
that is, CA will be 120 feet, and the 
whole height 126 feet as before. 


Let the diſtance BF be 300 feet, and 


the perpendicular or plum-line cut off 
40 equal parts from the reclining fide: 
Now, in this caſe, the angles c, 
QZI, are equal, by the 29. Prop 1. B. 
of Euclid. And, by the ſame Prop. the 
angles QZI, 218, are equal; therefore 
the angle 218, is equal to the angle 
QAC. But the angles ZSI, QCA are 
equal, being right angles; therefore in 
the acquiangular triangles ACQ_, SZI, 
by the 4. Prop. of the 6. B. of Euclid, it 
will be, as ZS : SI: CQ: CA; chat i is, 
as 100 to 40, ſo is 300 to CA. Where- 
fore, by the rule of three, CA will be 
found to be of 120 feet. And, by ad- 
ding the height of the obſervator, the 
whole 


aa” ww” we 
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whole BA will be 126 feet. Note, That 
the height is greater than the diſtance, 
when the perpendicular cuts the right 
fide, and lefs, if it cut the reclined fide ; 
and that the height and diſtance are e- 


qual, if the perpendicular fall on the op- 


SCHOLIUM. Fic. 3. 


If the height of a tower to be meaſured 
as above, end in a point, as in big. 3. the 
diſtance of the obſervator oppoſite to it, 
is not CD, hut is to be accounted from 
the perpendicular to che point A; that is, 
to CD muſt be added the half of the 
thickneſs of the tower, viz. BD: Which 
muſt likewiſe be underſtood in the fol- 
lowing propoſitions, when the caſe is fi- 


PROP, 
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PROP. IL 


PROB. 


FIG, 4. 


From the height of a tower AB given, to 
| find a diflance on the horizontal plane BC, 
by the Geometrical ſquare. 


ET the inſtrument be ſo placed, as 
that the mark C in the oppoſite 
plane may be ſeen through the fights; 
and let it be obſerved how many parts 


are cut off by the perpendicular. Now, 


by what hath been already demonſtra- 


ted, the triangles AEF, ABC, are fimi- 
lar; therefore, by 4th, 6. Eucl. it will 


be as EF to AE, fo AB (compoſed of 


the height of the tower BG, and of the 
height of the centre of the inſtrument 


BC. Wherefore, if, by the rule of three, 
you ſay, as EF to AE, ſo is AB to BC, it 
will be the diſtance ſought. 


PROP. 


, > 4. 
b Le nd Me Ad 


A, above the tower BG) to the diftance 
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PROP. IV. Fre. 5. 


| To meafure any diſtance at land or ſea, by 
the Geometrical ſquare. 


IN this operation, the index is to be 
1 applied to the inſtrument, as was 
ſhown in the deſcription ; and, by the 
help of a ſupport, the inſtrument is to 
be placed horizontally at the point A; 
| then let it be turned till the remote 
point F, whoſe diſtance is to be meaſu- 
red, be ſeen through the fixed fights ; 
and bringing the index to be parallel 
with the other fide of the inſtrument, 
obſerve by the fights upon it any acceſ- 
fible mark B, at a ſenfible diſtance : 
then carrying the inſtrument to the 
point B, let the immoveable fights be 
directed to the firſt ſtation A, and the 
fights of the index to the point F. If 
the index cut the right fide of the 
ſquare, as in K, in the two triangles 
BRK, and BAF, which are aequiangu- 


lar, 


is A TREATISE 6 
uur, it will be (by 4th 6. Eucl.) as BR 
to RK, ſs BA (the diſtance of the ſta- 


AF; and the diſtance AF fought will 
de found by the rule of three. But if 
the index cut the reclined fide of the 
ſquare in any point L, where the di- 
ſtance of a more remote point is ſought ; 
in the triangles BLS, BAG, the fide L 
ſhall be to SB, as BA to AG, the di- 
ſtance ſought ; which accordingly will 
be found by the rule of three. 


PROP. V. 
PROB. Fi Go 6. 


To meaſure an acceſſible height by means of a 
plain Mirror. 


12 AB be the height to be mea- 
ſured; let the Mirror be placed 
at C, in the horizontal plane BD, at a 


known diſtance BC; let the obſerver 
go back to D, till he ſee the image of 


the 


tions to be meaſured with a chain) to 


he 


4 
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the ſummit in the mirror, at a certain 


point of it, which he muſt diligently 


by 
f 
| 


| 


— 
8 


mark; and let DE be the height of the 
obſervators eye. Ihe triangles ABC 
and EDC are zquiangular ; for the 
angles at D and B are right angles; 
and ACB, ECD, are equal, being the 
angles of incidence and reflexion of the 
ray AC, as is demonſtrated in optics ; 
wherefore the remaining angles at A, 
and E, are alſo equal: Therefore, by 
4th, 6. Eucl. it will be, as CD to DE, 


| ſo CB to BA; that is, as the diſtance 


of the obſervator from the point of the 
mirror in the right line betwixt the ob+ 
ſervator and the height, is to the height 
of the obſervator's eye, ſo is the diſtance 
of the tower from that point of the mar- 
ror, to the height of the tower tought ; 
which tnerefore will be found by the 


| rule of three. 


Note .. The obfervator will be more 
exact, if, at the point D, a itaff be pla- 
ced in the gieund perpenuicularly, over 
C the 
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the top of which the obſervator may ſee | 
a point of the glaſs exactly in a line be- 
twixt him and the tower. 


Note 2. In place of a mirror may be 
uſed the ſurface of water contained in a 


veſſel, which naturally becomes — 
to the horizon. 


PROP, VL. 110... 


To meaſure an acceſſible height AB by means | 
of two flaſffs. 


ET there be placed perpendicularly 
in the ground a longer ſtaff DE, 
likewiſe a ſhorter one FG, ſo as the ob- 
ſervator may ſee A, the top of the height 
to be meaſured, over the ends D, F, of 
the two ſtaffs ; let FH and DC, parallel 
to the horizon, meet DE and AB in H 
and C; then the triangles FHD, DCA, 
ſhall be zquiangular ; for the angles at 
Cand H are right ones; likewiſe the 
angle 
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angle. A is equal to the angle FDH, by 
29. 1. Eucl.; wherefore the remaining 
angles DFH, and ADC, are alſo equal: 
Wherefore, by 4. 6. Eucl. as FH, the 
diſtance of the ſtaffs, to HD, the exceſs 
of the longer ſtaff above the ſhorter ; ſo 
is DC, the diſtance of the longer ſtaff 
from the tower, to CA, the exceſs of 
the height of the tower above the longer 
ſtaff. And thence CA will be found by 
the rule of three. 

To which if the length DE be added, 
you will have the whole height of the 


SCHOLIUM. Fis. 8. 


Many other methods may be occa- 
fionally contrived for meaſuring an ac- 
ceſhble height. For example, from the 
given length of the ſhadow BD, I find 
out the height AB, thus : Let there be 
erected a ſtaff CE perpendicularly, pro- 
ducing the ſhadow EF: The trian- 
gles ABD, CEF, are zquiangular ; for 

the 
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the angles at B, and E, are right; and 
the angles ADB, and CFE, are equal, 
each being equal to the angle of the 
ſun's elevation above the horizon: 
Therefore, by th, 6. Fucl. as EF, the 
ſhadow of the ſtaff, to FC, the ſtaff itſelf, 
ſo BD, the ſhadow of the tower, to BA, 
the height of the tower. Though the 
plane on which the ſhadow of the tower 
falls be not parallel to the horizon, if 
the ſtaff be erected in the lame * the 
rule will be the ſame. 


PROP VI. 


To cates an inacceſſible height by means of 
two i. 


-_—— we have ſuppoſed the 
Leight to be acceſſible, or that 
we can come at the lower end of it; 
now if, becauſe of ſome impediment, 
we cannot get to a tower, or if the 
point whoſe height is to be found our 
be the ſummit of a hill, fo that the per- 

pendicular 


2 Þ 


t 1 
4 — pr” 


. ! 7 * 1 0 p 
be om — — —  ———_— — ns 
1 ; ASS ' 
18 . 7 
2 2 ; -- . --- . 22 „1 „„%„% 
NA TION 
. b 5 1 2 ? . = * 
4 ER , pe en N 1 
, ; 4, 3 ; 
2 8 * 3 
1 . » „ OE ON an 
"= 15 a , * f ; 
| . * 4 ©: codes 
os } — — * - * 1 * : 
|; > 3 n 
„ 3234 od» - © ©4. * — 
. q 4 þ + % 9 2 
; OY 1 
— 2es „ os 4: 3 *. 7 
1 I : 9 
— —4 o + -4* 00 oo 
5 ; 8 * * ; a 


*. 
* 
. 


* 
*.. 
* 


: 
N \ 
| — | 2 
- 
* „„ WT — — Ts - 
U 
= 
. . 
. 
, 


„ 
* 
„ 
* 


FER; Lo 


„ 
Ly 


50 


WEARER. 


þ 
; 
| 
| 
| 


* 
>. — — 


80 
MP 4 3}. 


of 
* 


96ꝶ3＋V AS wi. _ 


4 


> 
98 * 


* — = 
„ 


PRACTICAL GEOMETRY. 21 


pendicular he hid within the hill; if, I 
ſay, for want of better inſtruments, ſuch 
an inacceſſible height is to be meaſured 
by means of two ſtaffs, let the firſt ob- 
ſervation be made with the ſtaffs DE 
and FG, as in Prop. VI.; then the ob- 


ſervator is to go off in a direct line 


|| is to place the longer ſtaff perpendicu- 


from the height and firſt ſtation, till he 
come to the ſecond ſtation; where he 


larly at RN, and the ſhorter ſtaff at 
| KO, ſo that the ſummit A may be ſeen 
along their tops; that is, ſo that the 
points KNA may be in the fame right 
line. Through the point N let there 
be drawn the right line NP parallel to 
FA: Wherefore in the triangles KNP, 
KAF, the angles KNP, KAF are equal, 
by the 29. 1. Eucl. alſo the angle AK 
is common to both; conſequently the 
remaining angle KPN is equal to the 
remaining angle KFA. And there- 
fore, by 4th, o. Eucl. PN: EA:: KP: 
KF. But the angles PNL, FAS are 
fümilar; 
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Eimilar ; therefore, by 4th, 6. Eucl. PN; 
FA :: NL : 8A. Therefore, by the 
11.5. Euel. KP : KF :: NL : SA. 
Thence, alternately, it will be, as KP 
(the exceſs of the greater diſtance of 
the ſhort ſtaff from the long one above 
its leſſer diſtance from it) to NL, the 
exceſs of the longer ſtaff above the 
ſhorter ; ſo KF, the diſtance of the two 
ſtations of the ſhorter ſtaff, to SA the 
exceſs of the height ſought above the 
height of the ſhorter ſtaff. Wherefore 
SA will be found by the rule of three. 
To which let the height of the ſhorter 
ſtaff be added, and the ſum will give 


E. F. 

Note 1. In the ſame manner may 
an inacceſſible height be found by a 
geometrical ſquare, or by a plain ſpe- 
culum, But we ſhall leave the rules to 
be found out by the ſtudent, for his own 
exerciſe, | 
Note 2, That by the height of the 

uff 


* ——_ — —— 


the whole inacceſſible height BA. O. 
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ſtaff we underſtand its height abore the 
ground in which it is fixed. « 

Note 3. Hence depends the method 
of uſing other inſtruments invented by 
geometricians ; for example, of the geo- 


| metrical croſs: And if all things be juſt- 


ly weighed, a like rule will ſerve for it 
as here, But we incline to touch only 
upon what is moſt material. 


PROP, VII. 


FIG. 9. 


To meafure the diſtance AB, to one of whoſe 

extremities e have acceſs, by the help of - 
ber uf 

ET there be a ſtaff fixed at the point 

A; then going back at ſome ſen- 

fible diſtance in the ſame right line, 


let another be fixed in C, fo as that both 


the points A and B be covered and hid 

by the ſtaff C; likewiſe going off in a 
perpendicular from the right line CB, at 
the point A, (the method of doing which 
ſhall be ſhown in the following ſchalium), 
let there be placed another ſtaff at H; 


and 
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and in the right line CKG (perpendicw- 
lar to the ſame CB, at the point B), and 
at the point of it K, ſuch that the points 
K, , and B, may be in the ſame right 
line, let there be fixed a fourth ſtaff, Let 
there be drawn, or let there be ſuppoſed 
to be drawn, a right line HG parallel 
to CA. The triangles KGH, HAB, will 
be zquiangular; for the angles HAB, 
KGH are right angles. Alſo by 29th, 
1. Euel. the angles ABH, KHG are e- 
qual; wherefore, by the 4th, 6. Eucl. as 
KG (the exceſs of CK above AH) to GH, 
or to CA, the diſtance betwixt the firſt 
and ſecond ſtaff; fo is AH, the diſtance 
betwixt the firſt and third ſtaff, to AB the 
diſtance ſought, 


SCHOLIUM. Fic. 10. 


To draw on a plane a right line AE 
perpendicular to CH, from a given 
point A; take the right lines AB, AD, 
on each fide equal; and in the points 
B 


an POILISTISREARET At 


middle, and holding in your hand their 


F — 4% 
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B and D, let there be fixed ſtakes, to 
which let there be tied two equal ropes 
BE, DE, or one having a mark in the 


extremĩties joined, (or the mark in the 
middle, if it be but one), draw out the 
ropes on the ground; and then, where 
the two ropes meet, or at the mark, 
when by it the rope is fully ſtretched, 


let there be placed a third ſtake at E; 


the right line AE will be perpendicular 


to CH in the point A, by 11th, 1. Eucl. 


In a manner not unlike to this, may any 
problems that are reſolved by the ſquare 


and compaſſes, be done by ropes and a 


cord turned round as a radius. 
PROP. IX. Fic. 11. 


To meaſure the diſtance AB, at 


tremities is acceſſuble. 


Rom „ molar; he the riche ties 
AC of a known length be made 


perpendicular to _ (by the preceeding 
Chelan 
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ſcholium) : likewiſe draw the right 
line CD perpendicular to CB, meeting 
the right line AB in D: then, by the 
8. 6. Eucl. as DA: AC:: AG : AB. 
Wherefore, when DA and AC are given, 
AB will be found by the rule of three. 
Q.E.F. 


SCHOLIU M. 


All the preceeding operations de- 
pend on the equality of ſome angles of 
triangles, and on the ſimilarity of the 
triangles ariſing from that equality. 
And on the ſame principles depend in- 
numerable other operations which a 
geometrician will find out of himſelf, 
as is very obvious. However, ſome of 
theſe operations require ſuch exactneſs 
in the work, and without it are fo lia- 
ble to errors, that, ceteris paribus, the 
following operations, which are per- 
formed by a trigonometrical calcula- 
tion, are to be preferred; yet could we 
not omit thoſe above, being moſt eaſy 
in 
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in practice, and moſt clear and evident 
to thoſe who have only the firſt ele- 
ments of Geometry. But if you are 
provided with inſtruments, the follow- 
ing operations are more to be relied 
upon. We do not inſiſt on the eaſieſt 
caſes to thoſe who are ſkilled in plain 
trigonometry, which is indeed neceſſa · 
ry to any one who would apply himſelf 
to practice. It would be eaſy to the 
reader to find examples; and we have 
ſhown in plain Triganometry how to 
find the angle or fide of any plain tri- 
angle that is required, from the angles 
or ſides that may be given. 


FROP. FIG. 12. 


To deferibe the conſtruct ion and uſe of the 
Geometrical Quadrant. 


"PHE Geometrical Quadrant is the 
fourth part of a circle divided 
into ninety degrees, to which two 
fights are adapted, with a perpendicu- 

| lar 
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lar or plumb line hanging from the 
centre. The general uſe of it is for in- 
veſtigating angles in a vertical plane, 
comprehended under right lines going 
from the centre of the inftrument, one 
of which is horizontal, and the other is 
directed to ſome viſible point. This in- 
ſtrument is made of any ſolid matter as 
wood, copper, &c, 


PROP. XL PIC. 13. 


To deſcribe the make and uſe of the grapha- 
meter, 


IX Graphometer is a ſemicirele 
made of any hard matter, of 
wood, for example, or brafs, divided 
into 180 degrees; ſo fixed on a fulcrum, 
by means of a braſs ball and ſocket, 
that it eaſily turns about, and retains 
any fituation ; two fights are fixed on 
its diameter, At the centre there is 
commonly a magnetical needle-in a 
box. There is like wiſe a moveable ru- 
ler, 


p 
„ 
2 
: 
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Jer, which turns round the centre, and 
retains any fituation given it. The uſe 
of it is to obſerve any angle, whoſe ver- 
tex is at the centre of the inſtrament 
in any plane, (though it is moſt com- 
monly horizontal, or nearly ſo), and to 


find how many degrees it contains, 


PROP. XI, 


FI G. 14. and 15. 


To deſer ibe the manner in which angles are 
meaſured by a Quadrant or Graphometer, 


Ek there be an angle in a vertical 

plane, comprehended between a 
line parallel to the horizon HK, and the 
right line RA, coming from any re- 
markable point of a tower or hull, or 
from the ſun, moon, or a ſtar. Sup- 


poſe that this angle RAH is to be mea- 


ſured by the quadrant: let the inftru- 
ment be placed in the vertical plane, 
9 be in the 

angular 
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angular point: and let the fights be di- 
reed towards the object at R, (by the 
help of the ray coming from it, if it be * 
_—— 
viſual ray, if it is any thing elſe), the 
off by the perpendicular, will meaſure 
the angle RAH required. For, from 
the make of the quadrant, BAD is a 
right angle; therefore BAR is likewiſe 
right, being equal to it. But, becauſe 
HK is horizontal, and AC perpendicu- 
lar, HAC will be a right angle; and 
therefore equal alſo to BAR. From 
thoſe angles ſubtract the part HAB that 
is common to both; and there will re- 
main the angle BAC equal to the angie 
of the angle BAC; conſequently, it is 
hkewiſe the meaſure of the angle RAH. 
Note, That the remaining arch on the 
quadrant DC is the meaſure of the 
angle RAZ, comprehended between 
the 
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the foreſaid right line RA and AZ which 
points to the Zenith. 

Let it now be required to micafurk 
the angle ACB (Fig, 15.) in any plang, 
comprehended between the right lines 
AC and BC, drawn from two points 
A and B, to the place of ſtation C. Let 
the Graphometer be placed at C, ſup- 
ported by its fulcrum (as was ' ſhown a- 
bove); and let the immoveable ſights 


on the fide of the inſtrument DE be 


directed towards the point A; and like- 
wiſe (while the infiryment remains im- 
moveable) let the fights of the ruler FG 
(which is moveable about the centre C) 
de directed to the point B. It is exi- 


dent that the moveable ruler cuts off 


an arch DH, which is the meaſure of 
the angle ACB ſought. Moreover, by 
the ſame method, the inchnation of 
CE, or of FG, may be. obſerved with 
the meridian line, which is pointed out 
by the magnetic needle incloſed in 
the box, and is moveable abdut the 

centre 
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centre of the inſtrument, and the me- 
ſure of this inclination of angle found 
in degrees. 

or vis. 16. 

To meaſure an acceſſible height by the Ges- 


Y the the 12th Prop. of this part, ler 
the angle C be found by means 
of the quadrant. Thea in the triangle 
ABC, right-angled at B, (BC being 
ſappoſed the horiz 8 
obſervator from the tower), having the 


angle at C, and the fide BC, the required 


height BA will be found by the 3d caſe 
of plain trigonometry. 


PROP. XIV. Fic. 17. 


To meaſure an inacceſſible height by the Geo- 


L E T the 1 ACB be obſerved 
with the quadrant (by the 12th 


Prop. of this part ;) then let the obſer- 


ver 


43 


* 


PRACTICAL GEOMETRY. 33 


ver go from C to the ſecond ſtation D, 
in the right: line BCD (providing BCD 
be a horizontal plane); and after mea- 
furing this diſtance CD, take the angle 
ADC likewiſe with the quadrant. I ben, 
in the triangle ACD, there is _ 
tauſe ACB was given before: Therefore 
(by 32. 1. Euel.) the remaining angle 
CAD is given likewiſe. But the fide 
CD is likewiſe given, being the diſtance 
of the ſtation C and D; therefore (by 
| the firſt caſe of oblique-angled triangles 
in Trigonoinetry) the fide AC. will be 
found. WV herefore, in the right-anlged 
triangle ABC, all the angles and the 
hypothenuſe AC are given; conſe- 
quently, by the 4th caſe of Trigono- 
metry, the height ſought AB will be 
found; as alſo (if you pleaſe) the di- 
ſtance of the ſtation C from AB, the 


perpendicular within the hill or inac- 
teſſible height. 


E PROP. 
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PROP. X. "ths. 18. 


| From the top of a given height, fo meafure | 
— the — BC. 


ET ihe angle BAC be obſerved by 
the 12th of this part; wherefore 

in the triangle ABC, right-angled at 

B, there is given by obſervation the 
angle at Ar whence (by the 32. 1, 
Eucl.) there will alſo be given the angle 
BCA: Moreover the fide AB (being. 
the height of the tower) is ſuppoſed to 
be given. Wherefore, by the 3d caſe of 


Trigonometry, BC, the diſtance ſought, 
will be found. | 


PROP. XVI. Fic. 19. 


To meafure the diftance of two places A and 
B, of which one i — the Gra- 


Fhometer. 

ET there be erected at two points 
— A and C, ſufficiently diſtant, two 

viſible ſigus; then (by the 12th: of this) 


PRACTICAL GEOMETRY. 3 


let the two angles BAC, BCA be taken 
by the Graphometer. Let the diſtance 
of the ſtations A and C be meaſured 
with a chain. Then the third angle = 
B being known, and the fide AC being 
likewiſe known; therefore, by the firſt 
caſe of Trigonometry, the diſtance re- 
quired, AB, will be found. 


PROP. XVII. Fic. 20. 


Ta meaſure by the Graphometer, the diflance 
of two places, neither of which is acceſſible. 


ET two ſtations C and D be cho- 
ſen, from each of which the pla- 

ces may be ſeen whoſe diſtance is ſought: 
Let the angles ACD, ACB, BCD, and 
likewiſe the angles BDC, BDA, CDA, 
be meaſured by the Graphometer ; let 
the diſtance ot the ſtations C and. D be 
meaſured by a chain, or (if it be neceſ- 
ſary) by the preceeding practice. Now, 
in the triangle ACD, there are given 


two angles ACD and ADC; therefore 
the 


36 : | 
the third CAD is likewiſe given; More- 
over the fide CD is given; therefore, 
by the firſt caſe of Trigonometry, the 
©" manger, in the triangle Bcd, from all 


_ fide BD is found. Wherefore, in the 


„ 
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_ 


fide AD will be found. After the ſame 


the angles and one fide CD given, the 


triangle ADB, from the given fides DA 
and DB, and the angle ADB contain- 


ed by them, the fide AB- (the diſtance 


ſought) is found by the 4th caſe of Tri- 
gonometry of oblique-anglet] triangles. 


Let it be noted, that it is not neceſ- 
ſary that the points A, B, C, and D, be 
in one plane; and that any triangle is 


| in one plane, by 2d Prop. 13th of Evel 


PROF: 
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PROP. xm. Fic. 21. 

F is required by the Graphoneter end Dug 
"grant, to meaſure an acceſeble beight AB, 
placed fo on a ſleep, that one can neither 
'go near it in an borizontal plane, nr re- 
cede from it, as we juppoſed in the ſolution 
of the 14th Prop. 


ET there be choſen any fituation 

1 ' as C, and another D; where let 
ſome mark be erected: Let the angles 
ACD and Abc be found by the Gra- 
phometer ; then the third angle DAC 
will be known. Ler the fide CD, the 
diſtance of the - ſtatione, be meaſured 
with a chain, and thence (by Trigon.) 
the Gde AC will be found. Again, in 
the triangle AB, ngbt- angled at B, 
having found dy the Quadranc the angle 
ACB, the other angle CAB is known 
likewiſe : But the fide AC in che tri- 
angle ADC is already known; there- 
fore che height required AB will be 
i found 


— 
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cording to the occafion: So that there 
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found by the 4th caſe of right-angled 
+ triangles. If the height of the tower 
is wanted, the angle BCF will be found 


by the Quadrant ; which being taken 


from - the angle ACB already known, 
the angle ACF will remain: But the 
angle FAC was known before; there- 
fore the remaining angle AFC will be 
known, But the fide AC was alſo 
known before; therefore, in the tri 
angle AFC, all the angles and one of 
height of the tower abore the hill, will 


a e found * 1 


SCHOLIDM 


It were eaſy | to add many other me- 
thods of meaſuring beights and diſtan- 
ces; but, if what is above be under- 


| ſtood, it will be eaſy (eſpecially for 


one that is verſed in the elements) to 
contrive methods for this purpoſe, ac- 


is no need of adding any more of 
this 


18 


. | . 
0 * 
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his fort. We ſhall ſubjoin here a me · 


thod by which the « diameter of the carth 
they be Gund ns. | 


PROP. XIX. Foc. 22. 


To find the diameter of the earth from one 
ET there be choſen a high hill A B, 
near the ſea - ſhore, and let the ob- 
Ae on. the wp of it, with an exact 
Quadrant divided into minutes and ſe- 
conds by tranſverſe diviſions, and fitted 
with a teleſcope in place of the common 

— fights, meaſure the angle ABE contained 

under the right line AB, which goes to 

the centre, and the right line BE drawn 

to the ſea, a tangent to the globe at E; 
let there be drawn from A perpendicu- 
lar to BD, the line AF meeting BE in 
F. Now in the rightangled triangle 
BAF all the angles are given, alſo the 
kde AB, the height of the hill; which is 
| do 
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5 be found by ſome nie of bg foregoing 
Adel as Sh ll and by 


| Trigonometry, the ſides BF and AF are 


found. Bar, by Corol. 36: 3. Kal AF 
known. 3 dy 36th, 3. Eucl. 
the rectanzle under BA and BD, is e. 
qual to the ſquare bf BE. And thence, 
by 17th, 6. Eucl. as AB : BE : BE: 
BD. Therefore, ſince AB and BE are 
already givers; BD will be found by 1 ich, 
6. Eact. or by the rule of three; and 
ſüdtracting BA; there will remain A 
the diameter of the catth ſought. N 
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Many other methods might be prope 
ſed for meaſuring the diameter of the 
earth. The moſt exact in my opinion is 


that propoſed by Mr Picart, of the aca- 
demy of ſciences at Paris. But fince ir 


does not belong to this place, we refer 
you to the philoſophical tranſactions, 
where you will find it deſcribed. 

* According 
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According to Mr Picart, a degree 
* of the meridian at the latitude of 490 
* 21, was 57,060 French Toiſes, each of 
« which contains fix feet of the ſame 
* meaſure; from which it follows, that, 
if the earth be an exact ſphere, the 
* cireumference of a great circle of it 
* will be 123,249,600 Paris feet, and the 
© ſemidiameter of the earth, 19,615,880 
* feet: But the French Mathematicians, 
* who of late have examined Mr P;- 
* cart's operations, aſſure us, That the 
degree in that latitude is 57,183 Toi - 
eg. They meaſured a degree in Lap- 
* /and, in the latitude of 660 20', and 
found it of 57,438 Tees. By com- 
* paring theſe degrees, as well as by the 
% obſervations on pendulums, and the 
© theory of gravity, it appears that the 
© earth is an oblate ſpheroid; and (ſup. 
* poſing thoſe degrees to be accurately 


* meaſured) the axis or diameter that 


* paſſes through the poles will be to 
* the diameter of the equator, as 177 
F 1 
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to 178, or the earth will be 22 miles 
* higher at the equator than at the 
* poles. A degree has likewiſe been 
meaſured at the equator, and found 
to be conſiderably leſs than at the la- 
© titude of Paris; which confirms the 
„ oblate figure of the earth. But an 
account of this laſt menſuration has 
not been publiſhed as yet. If the 
* earth was of an uniform denſity from 
** the ſurface to the centre, then, ac- 
* cording to the theory of gravity, the 
* meridian would be an exact ellipfis, 
« and the axis would be to the diame- 
ter of the equator as 230 to 2313 
«© and the difference of the ſemidiame- 
* ter of the equator and ſemĩaxis about 
417 miles.” , 

In what follows, a figure is often to 
be laid down on paper, like to another 
figure given; and becauſe this likeneſs 
conſiſts in the equality of their angles, 
and in the fides having the ſame pro- 
portion to each other (by the defini- 


—— 
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tions of the 6th of Eucl.) we are now 


to ſhew what methods practical Geo- 
metricians uſe for making on paper an 
angle equal to a given angle, and how 
they conſtitute the fides in the ſame 
proportion. For this purpoſe they make 
uſe of a Protractor, (or, when it is 
wanting, a Line of chords), and of a 

Line of equal parts, 


PROP. XX. 
FIG. 23. 24. 25. 26. and 27. 


To deſcribe the conſtruction and uſe of the 
Protractor, of the Line of chords, and of 
the Line of equal parts. 


HE Protractor is a ſmall ſemicir- 

cle of braſs, or ſuch ſolid matter. 

The ſemicircumference is divided into 
180 degrees. The uſe of it is, to draw 
angles on any plane, as on paper, or 
to examine the extent of angles alrea- 
dy laid down, For this laſt purpoſe, 
let 
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let the ſmall point in the centre of the 
Protractor be placed above the angular 
point, and let the fide AB coincide 
with one of the fides that contain the 
angle propoſed ; the number of degrees 
cut off by the other fide, computing 
on the Protractor from B, will ſhow 
the quantity of the angle that js to be 
meaſured. . 1 
But if an angle is ta be made of a gi- 
ven quantity on a given line, and at a 
given point of that line, let AB coin- 
cide with the given line, and let the 
centre A of the inſtrument be applied 
to that point. Then let there be a 
mark made at the given number of de- 
grees; and a right line drawn from 
that mark to the given point, will con- 
ſtitute an angle with the given right 
line, of the quantity required; as is ma- 
nifeſt. 

This is the moſt natural and eaſy me- 
thod, either for cxamining the extent 
of an angle on paper, or for deſcribing 

on 


PRACTICAL GEQMETRY. 33 


on paper an angle of a given quantj- 
But when there is ſcarcity of inſtru · 
ments, or becauſe a line of chords is 
more eaſily carried about, (being de- 
ſcribed on a ruler on which there are 
many other lines heſides), practical Geo- 
metricians frequently make uſe of it. 
It is made thus; Let the quadrant of a 
circle be divided into 90 degrees; (ay 
in Fig. 24:):. The line AB is che 
chord of go degrees ; the chord of every 
arch of the quadrant is transferred to 
this line AB, which is always marked 
with the number of degrees in the cor- 
reſponding arch. 

Note, That the chord of 60 degrees 
is equal to the radius, by Corol. 12. 
ath Eucl. If now a given angle EDF is 
to be meaſured by the Line of chords 
from the centre D, with the diſtance 


DG, (the chord of 60 degrees), deſcribe 
the arch GF; and let the points G and 
F be marked where this arch interſects 
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the fides of the angle. Then if the 
diſtance GF, applied on the line of 
chords from A to B, gives (for exam- 
ple) 25 degrees, this ſhall be the mea - 
ſure of the angle propoſed. 

When an obtuſe angle is to be mea- 
fared with this line, let its complement 
to a ſemicircle be meaſured, and thence 
it will be known. It were eaſy to tranſ- 
fer to the diameter of a circle the 
chords of all arches to the extent of a 
ſemicircle; but K 
marked upon rules. 

. But now, if an angle of © gjodd 
Quantity, ſuppoſe of 50 degrees, is to 
de made at a given point M of the 
right line KL (Fi. 26.) Fram the 
centre M, and the diſtance MN, equal 
to the chord of 60 degrees, deſcribe the 
arch QN; Take off an arch NR, whoſe 
chord is equal to that of 50 degrees on 
the Line of chords; join the points M 
and R; and it is plain that MR fhall 
— _ contain 


* 
N 
| 
} 
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contain an angle of 50 degrees with the 
Zut ſometimes we cannot produce the 
fides, till they be of the length of a chord 
of 60 degrees on our ſcale ; in which caſe 
it is fit to work by a circle of proportions 
(that is a Sector), by which an arch may 


de made of a given number of degrees to 


any radius, 
The quantities of angles are likewiſe 
determined by other lines uſually mark- 
ed upon rules, as. the lines of fines, tan- 
gents, and ſecants ; but, as theſe methods 
ES CT CU eee 
we omit them. 

To delineate figures fimilar or like to 
others given, befides the equality of the 
angles, the ſame proportion js to be pre- 
ſerved among the fides of the figure thar 
is to be delineated, as is among the fides 
of the figures given. For which purpoſe, 
on the rules uſed by artiſts, there is a 
line divided into equal parts, more or leſs 
in number, and greater or leſſer in quan- 


tity, 
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6ey, acconing to the plaſure of ths. 
maker. 


Ann into inches 3 and an 
160 equal parts; fo that with this ſcale, 
any number of inches, belaw twelve, with 
xy part of an inch, can be taken by the 
compaſſes, providing ſuch part be greater 
than the one hundredth part of an inch. 
And this. exacineſs is very necellary in 
delineating the — of houſes, and in 
—ä— | 


PROP. XII. rio. 28. 


To lay down on paper, by the Protraftor or 
line of chords, and line of equal parts, 4 
right-lined figure like to one given, pro- 

viding the angles and fades of the figure 

Fiven be known by obſervation or menſura- 


tion, 


OR example, ſappoſe that it is 
known that in a quadrangular fi- 


gure, one fide is of 235 feet, that the 
| angle 
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angle contained by it and the ſecond file 


is of 84®, the ſecond fide of 288 feet, the 


angle contained by it and the third fide 
of 72 and that the third fide is 294 


feet. Theſe things being given, a figure 


is to be drawn on paper like to this qua- 
drangular figure. On your paper, at a 
proper point A, let a right line be drawn, 
upon which take 235 equal parts, as 
AB. 1 he part 9 a foot is 
taken greater or leſſer, according as you 
would have your figure greater or leſs. 


In the adjoining figure, the 1ooth part 


of an inch is taken for a foot. And ac- 
cordingly an inch divided into 100 parts, 
and annexed to the figure, is called a 
ſcale of 100 feet. Let there be made at 
the point B (by the preceeding Prop.) an 
angle ABC of 85, and let BC be ta- 
ken of 288 parts like to the former. 
Then let the angle BCD be made of 
72, and the fide CD of 294 equal 
parts. Then let the fide AD be drawn; 


G and 
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and it will compleat the figure like to 
the figure given. The meaſures of the 
angle A and D can be known by the 
protractor or line of chords, and the 
fide AD by the line of equal parts; 
which will exactly anſwer to the corre- 
ſponding angles and to the fide of the 
primary figure. 

After the very ſame manner, from the 
ſides and angles given, which bound any 
right-lined figure, a figure like to it may 
be drawn, and the reſt of its fides and 
.angles be known. 


COROLLARY. 


Hence any trigonometrical problem in 
right-lined triangles, may be reſolved by 
delineating the triangle from what 1s 
given concerning it, as in this propofi - 
tion. Ihe unknown fides are examined 

by a line of equal parts, and the angles 
by a protractor or line of chords. 


PROP. 
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PROP. XXII. Pros. 


The diameter of a circle being given, to fu, 


its circumference nearly. 


T HE periphery of any polygon in- 
ſcribed in the circle is leſs than the 
circumference, and the periphery of any 
polygon deſcribed about a circle is great- 
er than the circumference. Whence Ar- 
chimedes firſt diſcovered that the dia- 


ference, as 7 to 22 nearly; which ſerves 
for common uſe. But the moderns have 
computed the proportion of the diameter 
to the circumference to greater exactneſs. 
Suppoſing the diameter 100, the peri- 
phery will be more than 3 14, but leſs 
than 315*. But Ludolphus van Cuelen 


exceeded the labours of all; for by im- 
mens ſtudy he found, that, ſuppoſing 
the 


» The diameter is more nearly to the circumſerence, 
as 173 tO 351 


meter was in proportion to the circum- 


— 
. 

—_ 

— —e— w 
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the diameter 


1 00,000,007.000,000,000.000,000,000.000,000, 

the periphery will be leſs than 

314.159.265, 358.979. 323.846.264. 338.327,95 m. 

but greater than 
314.159.265. 288,979, 323.846, 264.328, 327.950: 
whence it will be eaſy, any part of the 
circumference being given in degrees ard 
minutes, to aikgs i it in Pn * _ a 


meter. 


, furveying and meaſuring of Laxp. 


ITHERTo we have treated of the 
meaſuring of angles and fides, 
whence it is abundantly eaſy to lay down 
a field, a plane, or ati entire country: For 
to this nothing is requiſite but the pro- 
| tration of triangles, and of other plain fi- 
gures, after having meaſured their Gides 
and angles. But as this is eſteemed an im- 
portant part of practical Geometry, we 
ſhall ſubjoin here an account of it wich all 
poſſible brevity ; ſuggeſting withal, that a 
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veyor will improve bimſelf more by one 
. > practice, chan by a great deal of 


} 


P R 0 P. XXIII. Pros. 


To explain what Serveying is, and bat 1 
; inflrament; — ors uſe. | 


IRST, it is neceſſary that the ſur- 
veyor view the field that is to be 


meaſured, and inveſtigate its ſides and 
angles, b y means of an iron chain cha- 


ving a particular mark at each foot of 
length, or at any number of feet, as may 
be moſt convenient for reducing lines or 
ſurfaces to the received meaſures ), and 
the Graphometer deſcribed above. Se- 
condly,” It is neceſſary to delineate the 
field ' in plano, or 'to form a map of it; 
that is, to lay down on paper a figure ſi- 
* to the : field; ; which is done by the 

Protractor 


® See above p. 4 the account of Gunter's chain, ad 
of the chain that is moſt convenient for meaſuring land 
* . 
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Protractor (or line of chords) and of the 
line of equal parts. Thirdly, It is neceſ- 
fary to find out the area of the field fo 
ſurveyed and repreſented by a map. Of 
this laſt we are to treat below, in the Þ- 
cond part. 

The fides and angles of ſmall fields are 
ſurveyed by the help of a plain table; 
which is generally of an oblong rectan- 
gular figure, and ſupported by a fulcrum, 
ſo as to turn every way by means of a 
ball and ſocket. It has a moveable frame, 
which ſurrounds the board, and ſerves to 
| Keep a clean paper put on the board cloſe 
and tight to it. The fides of the frame 
facing the paper are divided into equal 
parts every way. The hoard hath be- 
fides a box with a magnetic needle, and 
moreover a large index with twa fights, 
On the edge of the frame of the board 
are marked degrees and minutes, ſo as ta 
ſupply the room of a Graphometer. 


PROP, 
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PROP XXIV. 


Pros. Fis. 29. 


To delineate a field by the help of a plain - 

table, from one flation whence all its angles 
may be ſeen, and their — meaſured 
9 | 


ET the field that is to be laid down 

be ABCDE. At at any convenient 
place F, let the plain-table be erected; 
cover it with clean paper, in which let 


ſtation, Then applying at this place the 


index with the fights, direct it fo as that 


through the fights ſome mark may be 
ſeen at one of the angles, ſuppoſe A; and 
from the point F, repreſenting the ſtation, 
draw a faint right line along the fide of 
the index: then, by the help of the chain, 
let FA the diſtance of the ſtation from 

the 


ſome point near the middle repreſent the 


i en jj a 
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the foreſaid' angle be meaſured. Then 


taking what part you think convenient 
for a foot or pace from the line of equal 


parts, ſet off on the faint line the parts 
correſponding to the line FA that was 
meaſured ; and let there be a mark made 
repreſenting the angle of the field A. 
| Keeping the table immoveable, the ſame 
is to be done with the reſt of the angles; 
then right lines joining thoſe marks ſhall 
include a figure like to the field, as is evi- 
dent from 5. 6. Fucl. 


COROLLARY. 


The ſame thing i is done in like man- 
ner by the Graphometer ; for having 
6bſerved in each of the triangles, AFB; 
BEC, CFD, &c. the angle at the ſtation 
F, and having meaſured the lines from 
the ſtation to the angles of the field, 
ter ſimilar triangles be protracted on 


paper {by the 21. of this) having. their 
common ver tex in the point of ſtation. 


AN 


PRACTICAL GEOMETRY. 57 


All the lines, excepting thoſe which repre- 
ſent the fides of the field, are to be drawn 
faint or obſcure. 

Note 1. When a Surveyor wants to 
ay down a field, let him place diſtinctly 
in a regiſter all the obſervations of the 
angles, and the meaſures of the fades, un- 
til, at time and place convenient, he draw 
out the figure on paper. 

Note 2. The obſervations made by 
the help of the Graphometer are to be ex- 
amaned ; for all the angles about the point 
F ought to be equal to four right ones, 
by 13th, 1 Eucl, 


H PROP. 
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PROP. Nx. 


PRO R. FI G. 30. 


— by rate of Pere Pltiem, 
fon each of which all the angles can be 


feen, by meaſuring only the Wavy of the 
Hatiant. 


ET the inſtrumeat de. placed at the 
Ration F; and having choſen 
a point repreſenting it upon the pa- 
oper which is laid upon ehe plain table, 
let the index be applied at this point, fo 
as to be moyeable about it. Then let it 
be directed ſucceſſively to the ſeveral an- 
gles of the field ; and when any angle i is 
ſeen through the fights, draw an obſcure 
line along the fide of the index. Let the 
index, with the fights, be directed after 
the ſame manner to the ſtation G ; on 
the obſcure line drawn along its fide, 
pointing to A, ſer oft from the ſcale of 
equal parts a line correſponding to the 

meaſured. 
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meaſured diſtance of the fiations 3. and 
- this will determine the point G. Then 


remove the inftrument to the ſtation 
G; and applying the index to the line 
repreſenting the diſtance of the ſtations, 
place the inſtrument. ſo that the firſt ſta- 
tion may be ſeen through the fights. 
3 —— ae the paler 


be ſucceſſively direfted by means of its 
fights, to all the angles of the field, draw- 
ing (as before) obſcure lines; and the 
interſection of the two obſcure lines that 
were drawn to the fame angle from the 
two ſtations will always repreſent that 
angle on the plan. Care muſt be taken 
that thoſe lines be not miſtaken for one 
another. Lines joining thoſe interſections 
will form a figure on the paper like to 
the field. 


00. 


repreſenting the. ſecond ſtation G; and 
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. 
It will not be difficult to do the ſame 


by the graphometer, if you keep a di- 
ſtinct account of your obfervations of 


the angles made by the line joining the 
ftations, and the lines drawn from the ſta- 
tions to the reſpective angles of the field. 
And this is the moſt common manner of 
laying down whole countries. The tops of 
two mountains are taken for two ſtations, 
and their diſtance is either meaſured by 
fome of the methods mentioned above, 
or is taken according to common repute. 
The fights are ſacceffively directed to- 
wards cities, churches, villages, forts, 

lakes, turnings of rivers, woods, Sc. 
Note, The diſtance of the ſtations 
ought to be great enough, with reſpect 
to the field chat is to be meaſured; ſuch 
ought to be choſen as are not in a line 
with any angle of the field. And care 
ought to be taken likewiſe that the an- 
gles, for example, FAG, FDG, &c. be 
neither 
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neither vey acute, nor very obtuſe. Such 
angles are to be avoided as much as poſ- 


fible; and this admonition is found very 
uſeful in practice. 


PROP. 23 


Pro. FIG. 31. 


To lay down any field, however irregular its 
figure may be, 5 the help of the Grapho- 
meier. 


ET ABCEDHG be ſuch a field. 
Let its angles (in going round it) 
be obſerved with a graphometer (by 
the 122th of this) and noted down; let 
its ſides be meaſured with a chain; and 
(by what was ſaid on the 21ſt of this) 
let a figure like to the given field be 
protracted on paper. If any mountain 
is in the eircumference, the horizontal 
line hid under it is to be taken for a 
ſide, which may be found by two or 
three obſervations according to ſome of 
the 
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the methods deſtribed above 3 and itw 
place on the map is to be diſtinguiſhed 
by « ſhads, thar it mtay be known a mu 
tain 1s there, 
If not only the cira nce of the 
field is to be aid down in the plan, but 
alſo its contents, as villages, gardens, 
churches, public roads, we muſt proceed 
in this manner. | 
Let chere be (for example) a church 
F, to be laid down in the plan. Let the 
angles ABF, BAF be obſerved and pro- 
trated on paper in. their proper. places, 
the interſection of the two fides BF and 
AF will give the place of the charch on 
the paper: Or, more exactly, the lines 
BF, AF being meaſured, let circles be de- 
ſcribed from the centres B and A, with 
parts from the ſcale correſponding to the 
diſtances BF and AF, and the place of 

the church will be at their interſection. 
Note 1. While the angles obſerved 
by the gra * are taken down, you 
* 
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maſt be careful to diſtingniſh the exter- 
nal angles, as E and G, that they may 
de rightly protracted afterwards on pa- 
1 * Our obſervations of the angles 
may be examined by computing if all the 
internal angles make twice as many right 
angles, four excepted, as there are ſides 
of the figure: for this is demonſtrated by 
32d, 1. Eucl. But in place of any exter- 


pal angle DEC, its complement to a circle 
35 to 3 


PROP. XXVII. 


PRoB. FI. 32. 
To lay down a plain field without inflruments, 


F a ſmall field is to be meaſured, and a ; 

map of it te be made, and you are 
not provided with inſtruments ; ler it be 
ſuppoſed to be divided into triangles, by 
right-lines, as in the figure; and after 
meaſuring 
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meaſuring the three fides of any of the 
triangles, for example of ABC, let its 
fides be laid down from a convenient 
ſcale on paper, by the 22d of this. A- 
gain, let the other two fides BD, CD of 
the triangle CBD be meaſured and pro- 
tracted on the paper by the ſame ſcale as 
before. In the ſame manner proceed 
with the reſt of the triangles of which 
the field is compoſed, and the map of 
the field will be perfected; for the three 
ſides of a triangle determine the triangle; 
whence each triangle on the paper is fi- 
milar to its correſpondent triangle in the 
field, and 1s fimilarly fituated: conſe- 
quently the whole figure is like to the 
whole field. 


SCHOLIUM. 


If the field be ſmall, and all its angles 
may be ſeen from one ſtation, it may 
be very well laid down by the plain- 
table by the 24th of this, If the field 


be 
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belarger, and have the requiſite conditions, 
and great exactneſs is not expected, it 
likewiſe may be plotted by means of the 
plain-table, or by the Graphometer, ac- 
cording to the 25th of this; but in 
fields that are irregular and mountainous, 


to make uſe of the Graphometer, as in 


the 26th of this, but rarely of the plain- 
table. | 


Having protracted the bounding lines, 


them may be laid down by the proper 
operations for this purpoſe, delivered in 
the 26th propoſition; and the method 
deſcribed in the 27th: propofition may 
be ſometimes of ſervice; for we may 
truſt more to the meaſuring of ſides, than 
to the obſerving of angles. We are not 
to compute four - ſided and many-fided fi- 
gures till they are reſolved into triangles : 
for the fides do not determine thoſe fi- 


when an exact map is required, we are 


the particular parts contained within 


I In 
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In the laying down of cities, or the 


like, we may make uſe of any of the 


methods deſcribed above that may be 
moſt convenient. 

The map being finiſhed, it is s rank: 
firſt ſketch above it, and marking the 
angles by the point of a ſmall needle, 
Theſe points being joined by right lines, 
and the whole illuminated by colours 
proper to each part, and the figure of 
the mariner's compaſs being added to dif- 
tinguiſn the north and ſouth, with a 
ſcale on the margin, the map or plan 
will be finiſhed and neat. 
We have thus brieffyand plainly treat- 


ed of ſurveying, and ſhown by what 


inſtruments it is performed; having a- 
voided thoſe methods which depend on 
the magnetic needle, not only becauſe its 


direction may vary in different places of 


a field (the contrary of this at leaſt doth 
not appear, but becauſe the quantity of 


95 | ly 
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ty known ; for an error of two or three 
| Uegrees can ſcarcely be avoided in taking 
angles by it. As for the remaining part 
of ſurveying, whereby the area of a 
field already laid down on paper is found 
in acres, roods, or any other ſuperficial 
meaſures ; this we leave to the tollow- 
GS __—  —— 
of ſurfaces. 

+ © Befides the inſtruments deſcribed 
n .bove, a ſurveyor ought to be pro- 
© yided with an off. ſet ſtaff equal in 
length to ten links of the chain, and 
« Jivided into ten equal parts. He 
% onght likewiſe to have ten arrows or 
* ſmall ſtraight ſticks near two feet 
© Jong, ſhod with iron ferrils. When 
© the chain is firſt opened, it ought to 
* be examined by the off-ſer ſtaff, In 
& meafuring any line, the leader of the 
© chain is to have the ten arrows at 
* firſt ſetting out. When the chain is 
* 9 in the line, and the near 
* end 
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end touches the place from which 
you meaſure, the leader ſticks one of 
* the ten arrows. in the ground, at the 
far end of the chain. Then the lead- 
* er leaving the arrow, proceeds with 
* the chain another length; and the 
chain being ſtretched in the line, ſo 
* that the near end touches the firſt 
© arrow, the leader ſticks down another 
„arrow at his end of the chain. The 
* line is preſerved ſtraight, if the ar- 
* rows be always ſet ſo as to be in a 
* right line with the place you mea- 
* fare from, and that to which you are 
* going. In this manner they proceed 
© till the leader have no more arrows. 
% At the eleventh chain, the arrows 
are to be carried to him again, and 
„ he is to ſtick one of them into the 
„ground, at the end of the chain. And 
et the ſame is to be done at the 21. 31. 
« 41. Oc. chains, if there are ſo many 
n the right line to be meaſured. In 
this manner you can hardly commit 
5 © an 


— 
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© an error in numbering the chains, un- 

_ % Jeſs of ten chains at once. 
-. * The Off ſer ſtaff ſerves for meaſu- 
u ring readily the diſtances of any things 
proper to be repreſented 1n your plan, 
from the ſtation-line while you go a- 
« Jong. Theſe diſtances ought to be en- 
* tered into your field-book, with the 
«* correſponding diſtances from the laſt 
_ © ſtation, and proper remarks, that you 
may be enabled to plot them juſtly, and 
* be in no danger of miſtaking one for 
© another, when you extend your plan. 
The field- book may be conveniently 
* divided into five columns. In the 
* middle-column the angles at the ſeve- 
ral ſtations taken by the Theodolite are 
© to be entered, with the diſtances from. 
* the ſtations. The diſtances taken by 
© the Off. ſet ſtaff, on either fide of the 
* ſtation-line, are to be entered into co- 
'* lumns on either fide of the middle- 
column, according to their poſition 
| * with 


1 #rtentaricnor 


_ © with reſpet to that line. The flames 
* or characters of the objects, with pro- 
< per remarks,” may be entered in co 
« jJamns on either fide of theſe laſt, 
* Becauſe, in the place of the Gra- 
% phometer defcribed by our author, 
© Surveyors now make uſe of the The- 
* odolite, we ſhall fubjoin a deſcription 
„of Mr Siſſon's lateft improved Theodo- 
* lite from Mr Gardner's practical Sur- 
* veying improved. os @ yes it in 
* plate 4. 
© In this inſtrument, the three ſtaffs, 
=, * by braſs ferrils at top, ſcrew into bell- 
8B © metal joints, that are moveable be- 
* tween braſs pillars, fixed in a ſtrong 
* braſs plate; in which, round the cen- 
* tre, is fixed a ſocket with a ball move- 
* able in it, and upon which the four- 


* ſcrews prefs, that ſet the limb hori- 
©< Zzontal: Next above is another ſuch 
* plate, through which the ſaid ſcrews 

« paſs, and on which, round the centre, 

| „is fixed a fruſtum of a cone of bell- 
© metal, 
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n metal, 23 axis (being - connected 
* with the centre of the ball) is always 


* perpendicular to the limb, by means. 


*of a conical braſs ferril fitted to it, 
* whereon is fixed the compaſs-box ; and 
on it the limb, which is a ſtrong bell- 
* metal ring, whereon are moveable three 
* braſs indexes; in whoſe plate are fixed 
four braſs pillars, that, joining at top, 
* hold the centre pin of the bell-metal 
double ſextant, whoſe double index is 


** fixed on the centre of the ſame plate: 


* Within the double ſextant is fixed the 
** ſpirit level, and over it the teleſcope. 
The compaſs-box is graved with two 
„ diamonds for North and ſouth, and 
* with 20 degrees on both fides of each, 
that the needle may be ſet to the vari- 
* ation, and its error alſo known, 
© The limb has two Fleur, de luce 
* againſt the diamonds in the box, in- 


& ſtead of 180 each; and is curiouſly 


1 divided into whole degrees, and num- 
* bered to the left hand at every ten ta 
twice 


* * W. 
— * po. = * w 1 
* — : p 
* 1 * * * * 5 * 
: „ J 
* - - 


* 


wo 


ha * 
4 * | E | 
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* ewice 186, baving three indexes diſtant 
F _ * 120, (with Nonius's divifions on each 
” * for the decimals of a degree), that are 
moved by a pinion fixed below one of 
* them, without moving the limb; and 
_ © in another is a ſcrew and ſpring under, 
* to fix it to any part of the limb. It 
< has alſo divifions numbered, for taking 
0 the quarter girt in inches of round tim- 
© ber at the middle height, when ſtand- 
* ing ten feet horizontally diſtant from 
«* [ts centre; which at 20 muſt be dou- 
' bled, and at 30 tripled ; to which a 
1 © ſhorter index is uſed, having Nonius's 
3 . divifions for the decimals of an inch; 
* but an abatement muſt be made for the | 
© bark, if not taken off. 
« The double ſextant is divided on 
* one fide from under its centre (when 
* the ſpirit-tube and teleſcope are le- 
vel) to above 60 degrees each way, 
* and numbered at 10, 20, &c. and 
** the 


wha [BY 94 
_— wo we 1 
Saif * * " 0 
* | : 
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a the double index, (through which it is 
©* moveable) ſhews on the ſame fide the 
© degree and decimal of any altitude or 
% depreſhon to that extent by Nonius's 
* diviſions: On the other fide are divi- 
* fions numbered, for taking the up- 
right height of timber, &c. in feet, 
© when diſtant 10 feet; which at 20 muſt 
be doubled, and at 30 tripled; and al- 
* ſo the quantities for reducing hypo- 
„ thenuſal lines to horizontal. It is 
* moveable by a pinion fixed in the dou- 
* ble index. 
The teleſcope is a little ſhorter than 
© the diameter of the limb, that a fall 
© may not hurt it; yet it will magnify 
* as much, and ſhew a diſtant object as 
perfect, as moſt of triple its length. In 
its focus are very fine croſs wires, whoſe 
« interſection is in the plane of the dou · 
« ble ſextant; and this was a whole cir- 
* cle, and turned in a lathe to a true 
* plane, and is fixed at right angles to 
the limb; ſo that, whenever the limb 
K 6 
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js ſet horizontal, (which is readily dane 
dy making the ſpirit-tube leyel over 
* two ſcrews, and the like over che other 
* two), the double ſextant and teleſcope 
are moveable in a vertical plane ; and | 
then every angle taken on the limb 
8 (though the teleſcope be never ſo much 
* demed of degratiha) will be an angle 
* in the plane of the horizon. And this 
zun err 
* rizontal plane. 
If the lands to be plotted are hully, 
” ops nor fn any aye pine, the to. 
i meaſured cannot be truly laid down 
on paper, without being reduced to 
v one plane, which muſt be the horizon- 
« tal, becauſe angles are taken in that 
* plane.— | 
In viewing my objects, if they have 
much altitude or depreſſion, I either 
* write down the degree and decimal 
, ſhewn on the double ſextant, or the 
* links ſhewn on the back-fide; which 


l. 
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* 1aſt ſubtracted from every chain in the 


ie ſtatiom- line, leaves the letigth iti the 
© horizontal plane. Bur if the degree is 


quantity. 


4 TABLE of the links to be ſubtracied out 
of every chain in hypothenuſal lines of 
ſeveral degrees altitude, or depreſſion, fot 
reducing them to horizontal. 


"Tins. | Digrees: Links, | Degrees: Taal. | 
4,05 — + | 14,07 3 23,074 --8 


$73 -- $1 16,26 --4 | 24,495 --9 
= — 4 If 18 51955 25,84 -- 10 


8,tx -- 1 | 19,95 --6 | 27,13--11 
| — 2 21,565 --71 28 236-12 


Let the firſt ftation-line really mea- 
« ſhire 1107 links, and the angle of alti- 


* rae or depeetion be 39", 953 looking 
in the table I find againſt 19%95, is 6 


4 links. Now 6 times 11 is 66; which 


fubtracted from 1107, leaves 1041, the 


© ras 


* 


® taken, the following table will ſhew the 
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© true length to be laid down in the 
It is uſeful in ſurveying, to take the 
* angles, which the bounding lines form, 
* with the magnetic needle, in order to 
* check the angles of the figure, and to 
plot them convenĩently afterwards.” 


FAR TT © 


Of the furfaces of bodies. 


HE fmalleſt ſuperficial meaſure 

with us is a ſquare inch; 144 of | 
which make a fquare foot. Wrights 
make uſe of theſe in the meafuring of 
deals and planks; but the ſquare foot 
_ which the glaziers uſe in meaſuring of 
glaſs, confiſts only of 64 ſquare inches. 
The other meaſures are, firſt, the ell 
ſquare; 2dly, the fall, containing 36 
ſquare ells; 3d, the rood, containing 
40 falls; 4tbly, the acre, containing 4 
roods, 
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roods. Slaters, maſons, and parers, uſe 
the ell ſquare and the fall; ſarveyors of 


land uſe the ſquare ell, the fall, the rood, 
and the acre. 


The ſuperficial meaſures of the Eng- 
liſh are, ff, the ſquare foot; 2diy, the 
ſquare yard, containg y ſquare feet; for 
their yard contains only 3 feet; 3dly, 
the pole, containing 304 ſquare yards; 
4tbly, the rood, containing 40 poles z 
5thly, the acre, containing 4 roods. And 
hence it is eaſy to reduce our ſuperficial 
meaſures to the Engliſh, or theirs to 
ours. 

*In Wenne e 
* field, it is moſt convenient to mea- 
4 fare the lines by the chains deſcribed 
* above, p. 4. that of 22 yards for com- 
s puting the Engliſh acres, and that of 
* 24 Scots ells for the acres of Scotland. 

The chain is divided into 100 links, 
Land the ſquare of the chain is 10,000 
® ſquare links; ten ſquares of the 
* chain, or 100,000 ſquare links, give 

an 


— 
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an acre. Therefore if the area be ei- 
„ preſſed by ſquare links, divide by 
® 100,000, or cut off five decimal pla- 
©* ces, and the quotient ſhall give the 
* arc in acres end derimals of an & 
* cre. Write the entire acres apart; but 
multiply the decimals of an acre by 
* 4, and the product ſhall give the re- 
* mainder of the area in roods and deci- 
mals of a rood. Let the entire roods 
© be noted apart after the acres; then 
multiply the deeimals of a rood by 46, 
* and the product ſhall give the remain- 
4 der of the area in falls or poles. Let 
* the entire falls or poles be then writ 
« after the roods, and multiply the de- 
Gi of a fall by 36, if the arc & 
* required in the meaſures of Scotland; 
but multiply the decimals of a pole by 
* 305, if the area is required in the mea- 
* ſures of England, and the product 
in ſquare ells in the former caſe, but 
jn ſquare yards in the latter. If, in 
" the 


4 
, 


p ſquare my coultiplied by 9. 50994 
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*® the former caſe, you would reduce the 


# decimals of the ſquare ell to ſquare 
* feet, mulriply them by 9.50694 ; but 
in the latter caſe, the decimals of the 
* Engliſh ſquare yard are reduced to 
# ſquare feet, by multiplying them by 9. 
 * Suppoſe, for example, that the area 
* appears to contain 12.65842 ſquare 
© links of the chain of 24 ells ; and that 
* this area is to be expreſſed in acres, 
* roods, falls, &c. of the meaſures of 
en Divide the ſquare- links by 

* 100,000, and the quotient 12.65842 


FETT 12 acres 
es of an acre, Multiply che 


* decimal part by 4, and the product 
&« 2.63368 gives the remainder in roods 
« and decimals of a rood. Thoſe de- 
„ cimals of the rood being multiplied 
** by 49, the product gives 25-3472 falls. 
9 Multiply the decimals of the fall by 
« 26, and the — gives 12.4992 


give 
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« ive 4.7453 ſquare feet. Therefore 
the area propoſed amaunts to 12 
. acres, 2 roods, 25 falls, 12 ſquare ella, 
* and 4 45 ſquare feet. 

Zut if the area contains the ſame num 
* ber of ſquare links of Gunter's chain, 
and is to be expreſſed by Engliſh mea- 
© ſures, the acres and roods are eompu- 
* ted in the ſame manner as in the former 
« caſe. The poles are computed as the 
s falls. But the decimals of the pole, 
* viz, Ves, are to be multiplied by 
30 (or 30, 25), and the product gives 

10. = ſquare yards. The decimals of 
the ſquare yard multipled by 9. give 
* 4.5252 ſquare feet; therefore in this 
* caſe-the area is in Engliſh meaſure 12 
* acres, 2 roods, 25 pales, 10 ſquare 
* yards, and 4; ſquare feet. 
The Scots acre is to the Engliſh acre, 
* by ſtatute, as 100,000 to 78,694, if 
de have regard to the difference be- 
e dwwixt the Scots and * foot above 


© mentioned, 
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* mentioned. But it is cuſtomiary in 
* ſome parts of England to have 18,21, 
_ © &e. feet to a pole, and 160 ſuch poles 
* to an acre ; whereas, by the ſtatute; 
* 16% feet make a pole. In ſuch caſes 
* the acre is greater in the duplicate ra- 
tio of the number of feet to a pole. 
They who meaſure land in Scotland 
© by an ell of 37 Engliſh inches, make 
* the acre lefs than the true Scots acre 
* by 593 5 ſquare Engliſh feet, or by 
about „ of the acre. 
* An huſband-land contains 6 acres 
© of fock and ſythe-land, that is of land 
that may be tilled with a plough, and 
* mown with a ſythe; 13 acres of arable 
„land make an oxgang or oxengate ; 
four oxengate make a pound - land of 
* old extent (by a decree of the Exche- 
quer, March 11. 1585), and is called 
* called librata terre. A forty ſhilling 
land of old extent contains eight OX- 
„gang, or 104 acres. 


L „he 
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„The Arpent about Paris contains 
32400 ſquare Paris feet, and is equal 
to. 23 Scots roods or 3 55; Engliſh 
* roods. 

% The Adus quadratus, according to 
* Varro, Collumella, &c. was a ſquare of 
«* 120 Roman feet. The Jugerum was 
© the double of this. 'Tis to the Scots 
© cre as 10,000 to 20,456, and to the 
„ Engliſh acre as 10,000 to 16,097. It 
as divided (like the As) into 12 unciæ, 
and the uncia into 24 ſcrupula.” This, 
with the three preceeding paragraphs, 
are taken from an ingenious manuſcript 
written by Sir Robert Stewart profeſſor 
of natural philoſphy. I he greateſt part 
of the table in p. 6. was taken from it 
likewiſe. 


PROP, 


a 
va 
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PROP. I. 
ProB. FIS. 1. 


To find out the area of a rectangular paral - 
lelagram ABCD. 


LET the fide AB, for example, be 

five feet long, and BC (which con- 
ſtitutes with BA a right angle at B) be 17 
feet. Let 17 be multiplied by 5, and the 
product 85 will be the number of ſquare 
feet in the area of the figure ABCD. But 
if the parallelogram propoſed is not rec- 
tangular as BEFC, its baſe BC multiplied 
into its perpendicular height AB (not in- 
to its fide BE) will give its area, This 
is evident from 35th 1. Eucl. 


PROP. 
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PROP. II. 
PROB. Fi Ge. 2. 
To fd the area of « giuen triangle, 


12 the triangle BAC be given, whoſe 
baſe BC is ſuppoſed 9 feet long; 


the angle A oppoſite to the baſe, and let 
us ſuppoſe AD to be four feet. Let the 
half of the perpendicular be multiplied 
into the baſe, or the half of the baſe in- 
to the perpendicular, or take the half of 
the product of the whole baſe into the 
perpendicular, the product gives 18 
ſquare feet for the area of the given tri: 
angle. 

But if only the fides are given, the per- 
pendicular is found either by protracting 
| the triangle, or by 12th and 13th 2. 
Eucl. or by trigonometry. But how the 
area of a triangle may be found from the 


given ſides only, ſhall be ſhewn i in the 
. prop. of this part; 


PROP. 


Let the perpendicular AD be drawn from 
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PROP. Il. 


Pros. Fi 8. 3. 
To find the area of any reftilineal figure. 


17 the figure be irregular, let it be re- 
ſolved into triangles; and drawing 
perpendiculars to the baſes in each of 
them, let the area of each triangle be found 


by the preceeding Prop. and the ſum of 
_ theſe arcas will give the area of the fi- 


SCHOLIUM I. 


In meaſuring boards, planks, and glaſs, 
their fides are to be meaſured by a foot- 
rule divided into 100 equal parts; and 
after multiplying the ſides, the decimal 
fractions are eaſily reduced to leſſer de- 
nominations. The menſuration of theſe 
is eaſy, when they are — paral 
lelograms. 


Sc Eo. 


which the map is drawn. 
rizontal plane, but uneven and mountai 


WM 
of the field. And indeed it would ap- 
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 SCHOLIUM A 


If a field 1 
= - 2 72 let it firſt 
thods deſcribed in the death 
part, 


and 
and let the figure ſo laid down be divi- 


into triangles, as was ſhown in the 


1 3 


The baſe 
of any triangle, or the per- 


pendicular upon the baſe, or the diſtance 


of any two poi is meaſured 

points of the field, i 

by applying it to the ſcale according to 
. , 9 


SCHOLIUM 3 
if the field given be not in a ho- 


nous, the ſcale pi 

gives the hori 1 
berw cen any two points, 33 
diſtance meaſured on the uneven ſurface 


pear that the horiz 

ontal plane i 

co 

_ the area of an uneven 3 
untry. 1 


far 
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for building on, or for planting with trees, 
or bearing corn, fince theſe ſtand perpen- 
dicular to the horizon, it is plain that a 


mountainous country cannot be confider- 
ed as of greater extent for thoſe uſes than 
the horizontal plane; nay, perhaps, for 
nouriſhing of plants, the horizontal plane 
Il however the area of a figure, as it 

les irregularly on the ſurface of the earth, 
is to be meaſured, this may be eafily 
done by reſolving it into triangles as it 
hes. The ſum of their areas will be the 
area ſought ; which exceeds the area of 
the horizontal figure more or leſs, accor- 
ding as the field is more or leſs uneven, 


PROP. 


© 4 71247182 Of 


P K O P. Tv. 


ProB. ; FIG. 2. 


The feder of a triangle being given, to fd | 


the area, without finding the perpendicu- 
be 


Le- of the triangle be col 

lected into one ſum; from the halt of 
which let the fides be ſeparately ſubtract 
ed, that three differences may be found 
betwixt the foreſaid half ſum and each 
fide ; then let theſe three differences and 
the half ſum be multiplied into one ano- 
ther, and the ſquare root of che product 
will give the area of the triangle. For 
example, let the fides be 10, 17, 21; the 
half of their ſam is 24 ; the three diffe- 
rences betwixt this half ſum and the three 
ſides, are 14, 7, and 3. The firſt being 
multiplied by the ſecond, and their product 
by the third, we have 294 for the product of 
the 
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the differences 3 which multiplied by 


the foreſaid half ſam 24, gives 7956; 


the ſquare root of which 84 is the area 

of the triangle. The demonſtration of 
this, for the ſake of brevity, we omit. 
It is to be found in ſeveral treatiſes, par- 
6 


PROP. v. 


THEoR, FIC. 4. 


The area of the ordinate figure ABEFGH i: 
| equal to the product of the half circumfe- 
. rence of the polygon, multiplied into the 
- perpendicular drawn from the centre of 
the circumſcribed circle to the fide of the 

polygon. 


L ved into as many equal triangles, 
as there are fides of the figure; and fince 
reach triangle is equal to the product of 
half the baſe into the perpendicular, 


M it 


OR the ordinate figure ean be reſol- 
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it is eyident that the ſum of all the tr 
angles together, that is the polygon, is 
equal to the praduct of half the ſum of 
the baſes (that is the half of the circum- 
ference of the polygon) into the com- 


mon perpendicular height of the triangles 
drawn from the centre C to one of the 


hides ; for example to AB. 


PROP. VL 


PRO n. FIG. 5. 


Wann Ae 
the half of the periphery into the radius, 
or the balf of the radius into the peri- 


OR a circle is not different from an 
= ordinate or regular polygon of ag 
infinite number of fides, and the com- 
man height of the triangles into which 
the polygon or circle may be ſuppoſed 
e be divided, is the radius of the circle, 
Were 
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Were it worth while, it were eaſy to 
demoutirate accuracy this propoſition, 
by mearis of the inſcribed and eireum- 
ſcribed figures, as is done in the 5th 
Prop, of the treatiſe of Archimedes con- 


COROLLARY, 


Hence alſo it appears that the area of 
the ſector ABCD is produced, by multi- 
plying the half of the arch into the ra- 
dius; and hkewiſe that the area of the 
ſegment of the circle ADC is found, 
by ſubtracting from the area of the ſeo- 
tor the area of the triangle ABC. 


PROP. vn. 
HRO. Fis. 6: 


te civek it to the ſquare of the diameter, 


as 11 to 14 nearly. 


OR if e {be ſappoſed 
to be 7, the circumference AHBK 


2 


A Arier or 


Vi be alaoft 23 (by the 224 Prop. of 
r 
_ Hhuare DC ein be 49; and, by the pre- 
ceeding prop. of this, the ara of the cir- 
Cle will be 384: Therefore the ſquare 
DC will be to the inſcribed circle as 49 
to 382, or as 98 to 77, or * as 14 to 
11. 2. E. D. 
H greater eractneß * required, you 
may proceed to any degree of accuracy: 
For the ſquare DC is to the inſeribed cir- 
cle, as 1 to 1-4 11-2153 
&e. m ift. | 
This ſeries will be of no ſervice for 

* curately, without ſome further arti- 
* fice, becauſe it converges at too flow 
« rate. The area of the circle will 
* be found exactly enough for moſt 
. purpoſes, by multiplying the ſquare 
* of the diameter by 7854, and divi- 
* ding by 10,0co, or cutting off four 
* decimal places from the product; 
for the area of the circle is to the 

( circumſcribed 


VT 
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* cireunmſcrided ſquare nearly as 7854 0 
* 70,000,” 


. 


OR OP Ve »- 


ProB. FiG. 7. 
To Jad the area of a groen ellipſe. 


Lr ABCD be an ellipſe, whoſe greate? 
diameter is BD, and leſſer AC, bi- 
ſecting the greater perpendicularly in E. 


Let a mean proportional HF he found (by 
13th 6. Eucl.) between AC and BD, and 


(by the 6th of this) find the area of the 
circle deſcribed on the diameter HF. Ifay, 
that this area is equal to the area Tf the cl 
lipſe ABCD. For becauſe as BD to AC, ſo 
the ſquare of BD to the ſquare of HF, (by 
2. Cor. 20th 6. Eucl.): But (by the ad 12. 
Eucl.) as the ſquare of BD to the ſquare of 
HF, fo is the circle of the diameter BD to 
the circle of the diameter HF: Therefore 
as BD to AC, ſo is the circle of the dia- 

meter 
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meter BD to the circle of the diameter 
HE. And (by the 5th Prop. of Archi- 
medes of ſpheroids) as the greater dia- 
meter BD to the leſſer AC, fo is the cir- 
cle of the diameter BD to the ellipſe 
ABCD. Conſequently (by the 11th . 
| Eucl.) the circle of the diameter BD will 
have the ſame proportion to the circle 
of the diameter HF, and to the ellipſe 
ABCD. Therefore, by gth 5. Euel. the 
area of the circle of the diameter HF will 
be equal to the area of the ellipſe ABCD. 
2 E. D. | 


E A. 


From this and the two preceeding pro- 


poſitions, a method is derived of finding 
the area of an ellipſe. There are two 


ways: Iſt, Say, as one is to the leſſer di- 
ameter, fo is the greater diameter to a 
fourth number, (which is found by the 
rule of three). Then again fay, as 14 to 


11, fo i the 4th number found to the 


PRACTICAL GEOMETRY. gf - 


rea ſought. But the ſecond way is 
ſhorter. Multiply the leſſer diameter in- 
to the greater, and the product by 11; 
then divide the whole product by 14, and 
the quotient will be the area ſought of 
the ellipſe. For example, Let the great- 
er diameter be 10, and the leſſer 7, by 
multiplying 10 by 7, the product is 70; 
and multiplying that by 11, it is 270 and 
dividing 770 by 14, the quotient will be 
55, which is the area of the ellipſe fought, 
n The area of the ellipſe will be found 
more accurately, by multiplying the 
product of the two diameters by 7854. 
We ſhall add no more about other 
plain. ſurfaces, whether rectilinear or cur- 
vilinear, which ſeldom occur in practice; 
but ſhall ſubjoin ſome propoſitions about 

meaſuring the ſurfaces of ſolids, 


PROP. 


A | 
TREATISE OF 


v6 


PRO 
0 P. IX. PRoOB, 


. To | 
| To meſure the Je of r. 


Y the 
Om definition of * | 
planes, of whi : e 
— r 2 
neal 3 — 
_ figures 4 »; which — 
this part; or however 24 * ap = 
they are meaſured — o . 
meaſured by th Aegean 
grams, which = wy _— 
= = are ared 
ſuperficies _ = AT | : 
; whole 
ſam of thoſe 4 — 


- PROP. X. Pra. ; 
To meafure the ſuperficies of — 
r 


INCE ; 

=>, — 
il ref of the piai | 

g in the top of the pyramid 4 

are tri 

angles; 
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angles; theſe meaſured ſeparately, and 
added together, give the ſurface of the 


oyramid required 


PROP. XI. Pros. 
To meaſure the faper ficies of any regular body; 


"P Hes: bodies are called regular, which 
are bounded by acquilateral and 
acquiangular figures. The ſuperficies of 
the tetraedron conſiſts of four equal and 
acquiangular triangles; the ſuperficies 
of the hexacdron, or cube, of fix equal 
ſquares ; an octedron, of eight equal ac- 
quilateral triangles ; a dodecaedron, of 
twelve equal and ordinate pentagons ;; 
and the ſuperficies of an icofizdron, of 
twenty equal and acquilateral triangles. 
Therefore it will be eaſy to meaſure theſe 
ſurfaces from what has been already 
ſhown. 

In the ſame manner we may meaſure 
the ſuperficies of a ſolid contained by any 
planes. 


8 PROP, 
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PROP. XI. 
Prop, Fic. 8. ' 
To meafure the ſuperficies of a cylinder. 


Fcavss a cylinder differs very lit- 
tle from a priſm, whoſe oppoſite planes 
(or baſes) are ordinate figures of an in- 
finite number of ſides, it appears that the 
ſuperficies of a cylinder, without the ba- 
ſes, is equal to an infinite number of pa- 
rallelograms; the common altitude of all 
which is, with the height of the cylinder, 
and the baſes of them all differ very little 
from the periphery of the circle which is 
the baſe of the cylinder. Therefore this 
periphery multiplied into the common 
height, gives the ſuperficies of the cylin- 
der, excluding the bafes ; which are to be 
meaſured ſeparately by the help of the 
6th Prop. of this part. 

This propofition concerning the mea- 
ſare of the furface of the cylinder (ex- 


clading 
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cluding its baſis) is evident from this, 
That when it is conceived to be ſpread 
out, it becomes a parallelogram, whoſe 
baſe is the periphery of the circle of the 
baſe of the cylinder ſtretched into a right 
line, and whoſe height is the tame with 
the height of the cylinder, 


PROP. XIII. 


PROB. FI. 9. 


To meaſure the fur face of a right cone. 
” HE ſurface of a right cone is very 
little different from the ſurface of a 
right pyramid, having an ordinate polv- 
gon for its baſe of an infinite number of 
fides; the ſurface of which (excluding 
the baſe) is equal to the ſum of the tri- 
angles. The ſum of the baſes of theſe 
triangles is equal to the periphery of the 
circle of the baſe, and the common height 
of the triangles is the fide of the cone 
AB: Wherefore the ſum of theſe trian- 
gles 
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gles is equal to the product of the ſum 
of the baſes (i. e. the periphery of the 
baſe of the cone) multiplied into the half 
of the common height, or it is equal to 
the product of the periphery of the baſe. 

If the area of the baſe is likewiſe 
wanted, it is to be found ſeparately by 
the 6th Prop. of this part. If the ſurface 
of a cone is ſuppoſed to be ſpread out on 
a plane, it will become a ſector of a cir- 
cle, whoſe radius is the fide of the cone; 

and the arch terminating the ſector is 
made from the periphery of the baſe. 
| Whence, by Corol. 6. Prop. of this, its 
dimenſion may be found, 


COROLLARY. 


Hence it will be eaſy to meaſure the 
ſurface of a ſruſlum of a cone cut by a 
plane parallel to the baſe. As to what 
relates to the meaſuring of the ſurface of 
the ſcalenous cone, becauſe it is not very 
uſeful in practice, we ſhall not deſcribe 

the 


PRACTICAL GEOMETRY. tor 


the method ; which would carry us be- 
yond the limits of this treatiſe. 


PROP, XIV. 


Px os. FI c. 10. 


To meafre the ſurſace of a given ſphere, 


ET there be a ſphere, whoſe centre 
is A, and let the area of its con- 
yex ſurface be required. Archimedes de- 
monſtrates (37. Prop. 1. book of the 
ſphere and cylinder ) that its ſurface is 
equal to the area of four great circles of 
the ſphere; that is, let the area of the 
great circle be multiplied by 4, and the 
product will give the area of the ſphere; 

or, by the 2cth 6. and 2d 12. of Eucl. 

the area of the ſphere given is equal to 
the area of a circle whoſe radius is the 
right line BC, the diameter of the ſphere. 
Therefore having meaſured (by 6th Prop. 
of this part) the circle defcribed with 
the radius BC, this will give- the ſurface 
of the ſphere. 


PROP. 


— 
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Che : 


PROP. XV. 


PRO B. FI G. 10. 


To meaſure the furface of a ſegment of a ſphere. 


FT there be a ſegment cut off by the 

plane ED. Archimedes demonſtrates 
(49, and 50. 1. de ſphera) that the ſur · 
face of this ſegment, excluding the cir- 


cular baſe, is equal to the area of a cir- 


cle whoſe radius is the right line BE 
drawn from the vertex B of the fegment 
to the periphery of the circle DE. There- 


fore, by the 6th Prop. of this part, it is 


eaſily meaſured. 


COROLLARY x, 


Hence that part of the ſurface of a 
ſphere that lieth between two parallel 
planes is eaſily meaſured, by ſubtracting 
the ſurface of the leſſer ſegment from, 
the ſurface of the greater ſegment. 


CO RO E- 
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COROLLARY 2. 


Hence likewiſe it follows, that the ſur · 
face of a cylinder, deſcribed about a 
ſphere (excluding the baſis) is equal to 
the ſurface of the ſphere, and the parts 
of the one to the parts of the other, in- 


tercepted between planes parallel to the 
baſis of the cylinder. 


PP a 7 
Of fold figures and their menſuration. 


S in the preceeding parts we took an 
inch for the ſmalleſt meaſure in 
length, and an inch ſquare for the ſmal- 
teſt ſuperficial meaſure ; ſo now, in trea- 
ting of the menſuration of ſolids, we 


take a endical inch for the fnollelt fits 


meaſure. Of theſe 109 make a Scots 
pint ; other liquid meafures depend on 
this, as is generally known. 

In dry meaſures, the firlot, by ſta- 
tute, contains 192 pints ; and on this 
depend 


. 
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depend the other dry meaſures: There- 
fore, if the content of any ſolid be gi- 
ven in cubical inches, it will be eaſy to 
reduce the ſame to the common liquid 
or dry meaſures, and converſely to re- 
duce theſe to ſolid inches. The liquid 
and dry meaſures in uſe among other na- 
tions, are known from their writers. 

* AS to the Engliſh Iiquid meaſures, 
e by act of parliament 1706, any round 
« veſſel, commonly called a cylinder, 
% having an even bottom, being feven 
inches in diameter throughout, and 
*« fix inches deep from the top of the 


„ infide to the bottom, (which veſſel | 


4% will be found by computation to con- 
* tain 230 +225 cubical inches); or a- 
„ny veſſel containing 23: cubical 
„ inches, and no more, is deemied to 
* be a lawful wine-gallon. An Engliſh 
** pint therefore contains 287 cubical 
inches; two pints make a quart ; four 
“ quarts a gallon; 18 gallons a round- 
* let; three roundlets and an half, or 
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* 63 gallons, make a hogſhead ; the half 
«© of a hogſhead is a barrel; one hog(- 
„bead and a third, or 84 gallons, 
„make a puncheon; one puncheon 
and a half, or two hogſheads, or 126 
% gallons, make a pipe or butt; the 
third part of a pipe, or 42 gallons, 
make a tierce; two pipes, or three 
* puncheons, or four hogiheads, make a 
2 of wine. Though the Engliſh 

** wine-gallon is now fixed at 231 cu- 

% bical inches, the ſtandard kept in 
«* Guildhall being meaſured, before ma- 
ny perſons of diſtinction, May 25. 


41688, it was found to contain only 


« 224 ſuch inches. 

In the Engliſh beer · meaſure, a gal- 
* lon contains 282 cubical inches; con · 
1 ſequenaly 35. cubical inches make a 
% pint, two pints make a quart, four 
« quarts make a gallon, nine gallons a 
« firkin, four firkins a barrel. la ale, 
Ws nd eb firkia, and 32 
* gzllons make a barrel. By an act 


«© of 


O 
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* of the firſt of William and Mary, 34 gat 
* Jons is the barrel, both for beer and ale, 
* in all places, 'except within the weekly 
bills of mortality. 

In Scotland, it is known that four 
e pills make a mutchkin, two mutch- 
„ Fins make a chopin, a pint is two 

®* chopins, a quart is two pints, and a 
** gallon is four quarts or eight pints, 
The accounts of the cubical inches 
222 in the Scots pint vary con · 

* fiderably from each other. Acrord- 
» ing to our author, it contains 109 
« cubical inches. But the ſtandard- 
« ;ugs kept by the Dean of Guild of E- 
e dinburgh (one of which has the year 
666. wich the arms of Scotland, and 
of the town of Edinburgh, marked up- 
on it) having been caretully meaſured 
e ſeveral times, and by different per- 
* ſons, the Scots pint, according ta thoſe 
* ſtandards, was found to contain a- 
* bout 103 cubic inches. The Pew- 
_ * terers jugs (by which the veſſels in 
* com- 


. 


PRACTICAL GEOMETRY. 107 


common uſe are made) are ſaid to 
* contain ſometimes betwixt tog and 
* 106 cubic inches. A caſk that was 
'* meaſured by the brewers of Edin- 
* burgb, before the commiſſioners of 
© Exciſe in 1707, was found to con- 
© tain 465 Scots pints; the ſame veſſel 
contained 187% Engliſh ale-gallons. 
* Suppoling this menſurating to be 
* zuſt, the Scots pint will be to the Eng- 
© iſh ale-gallon as 289 to 750; and if 
% the Engliſh ale · gallon be ſuppoſed to 
* contain 282 cubical inches, the Scots 
% pint will contain 108.664 cubical 
% inches. But it is ſuſpeQted, on ſeve- 
% ral grounds, that this experiment was 
% not made with 2 care and en- 
* achneſß. 
* authority of parliament to ſettle the 
© meaſures and weights, in their act of 
*« February 19. 1618, relate, Thar having 
*« cauſed fill the Linlithgow firlot with 
vater, they found that it contained 
| 20 213 
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7215 pints of the juſt Stirling jug and 
— They 'likewife ordain that 
_ * this ſhall be the juſt and only firlot, 
* and add, That the wideneſs and bread- 
* neſs of the which firkt, ander and above 
* even over within the buirdi, ſbail contain 
© zinctcenmehes and the ſixth part of an inch, 
and the decpaeſi ſeven inches and a third 
* part of an inch. According to this act 
* (fappoling their experiment and com- 
* putation to have been accurate) the 
* pint contained only 99.56 cubical 
inches; for the content of ſuch a 
« yefſel as is deſcribed in the act, is 
* 2115.85; and this divided by 212, 
«© gives 99.56. But, by the weight of 
water ſaid to fill this firlot in the ſame 
act, the meaſnre of the pint agrees 
0 nearly with the Edinburgh ſtandard a- 
% bove mentioned. | 
As for the Ergliſh meaſures of corn, 
* the Winchefter gallon contains 2724, 
% cubical Inches, two gallons make a 
5 four pecks, or eight gallons 
| 6c ous 


* yere contained in the firlot. For if we 
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(chat is 2178 cubical inches) make a 
* buſhel, and a quarter is eight buſhels; 
Our author ſays, that 194 Seots pints 
* make a firlor. ' But this does not ap- 
* pear to be agreeable to the ſtature a- 
* bove mentioned, nor to the ſtandard- 
* :ugs. It may be conjectured that the 
proportion aſſigned by him has been 
* Jeduced from ſome experiment of how 
many pints, according to common uſe, 


* ſappoſe thoſe pints to have been each 
4 of 108. 664 cubical inches, according 
© to the experiment made in the 1707 
n before the commiſſioners of Exciſe, de- 
« ſcribed above; then 19 ſuch pints 
« will amount to 2118. 94 cubical inches, 
« which agrees nearly with 2115. 85, the 
« meaſure of the firlot by ſtatute above 
mentioned. But it is probable, that in 
* this he followed the act 1587, where it is 
„ ordained, That the wheat-firlot ſhall 
8 contain 
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s contain T9 pints and two joucattes. A 
* wheat-firlot marked with the Linlith- 
go ſtamps being meaſured, was found 
* to contain abont 2211 cubical inches. 
* By the ſtatute of 1618 the barley-firlor 
ö 
* lng jug. 
A Paris pint is 48 cubical Paris in- 
* ches, and is nearly equal to an Engliſh 
* wine quart, The Boeiſſean contains 
* 644. 68009 Paris cubical inches, or 
780. 36 Engliſh cubical inches. E 
© The Roman Amphbora was a cubical 
Roman foot, the Congizs was the 8th 
part of the Amphora, the Sextarius was 
< one fixth of the Congizs., They di- 
«* vided the Sextarms like the As or Li- 
* bra. Of dry meaſures, the Medimnus 
N % + | 
* bout 15+ Engliſh legal buſhels; and 
= the Modins was the third pare of the 
* Amphora.” 
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To find | _ r. I. Pa Gs 
the ſolid content of a given * 
Priſin. 


TD Y the 2d Prop. 
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content of the entire pyramid be found ; 

from which ſubtract the ſolid content of 

the part that is wanting, and the ſolid 

content of the broken pyramid will re · 
* N 


PROP. Il. Pros. 
To find the content of a given cylinder. 
: TRE area of the baſe being found, (by 
Prop. 6. of the ad part), if it be a 
circle, and by Prop. 8. if it be an ellipſe, 
(for in both caſes it is a cylinder), multi · 
ply it by the height of the cylinder, and 
" the ſolid content of the cylinder will be 
produced, | | 


COROLLARY. He. 1. 


And in this manner may be meaſured 
the ſolid content of veſſels and caſks not 
much different from a cylinder as ABCD. 
If towards the middle EF it be ſomewhat 
groſſer, the area of the circle of the baſe 
being found (by 6th Prop. of the ad 
part) 


* * 
ö % + 
* 
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part) and added to the area of the middle 
circle EF, and the half of their ſum (that 
is an arithmetical mean between the area 
of the baſe, and the area of the middle 
circle) taken for the baſe of the veſſel, 
and multiplied into its height, the ſolid 
content of the given veſſel will be produ- 
ced. 

Note, That the length of the veſſel, as 
well as the diameters of the baſe, and of 
the circle EF, ought to be taken within 
the ſtaves; for it is the ſolid content 
within the ſtaves that is ſought. 


PROP. IV. Pros. 
To find the folid content of a given cone. 


LET the area of the baſe (found by 
Prop. 6. 2d part) be multiplied into 
+ of the height, the product will give 
the ſolid content of the cone; for by 
roth 12, Eucl. a cone is the third part of 
a cylinder that has the ſame baſe and 


P PROP, 


* 
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PxoB. Fic. 2. and 3. 


Te fud the folid content of « fruſtum of g | 
cone cut by a plane parallel to the plang 
of the baſe. 


IRST, let the height of the entire 

cone be found, and thence (by the 
preceeding Prop.) its ſolid content; from 
which ſubtract the ſolid content of the 


cone cut off at the top, there will remain 
the ſolid content 9 of the 


cone. 


Ho the content of the entire cone 
may be found, appears thus: Let ABCD 
be the fruſtum of the cone (either right 
or ſcalenous, as in the figures 2- and z.): 
Let the cone ECD be ſuppoſed to be com 
pleated ; Let AG be drawn parallel to 
DE, and let AH and EF be perpendicu- 
lar 


f | 5 
4 , 
* 
- 
\ | 
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lar on CD; it will be (by 2d 6. Eucl.) 
as CG: CA:: CD: CE; but (by the 4th 
Prop. of the ſame book) as CA: AH: : 
CE: EF; conſequently (by 22d 5. Eucl.) 
as CG: AH: : CD: EF; chat is, as the ex- 
ceſs of the diameter of the leſſer baſe is to 
the height of the friſtum, ſo is the diameter 


| bf the greater baſe to the KEIAT or Ge 
entire cone. 


90 4011 717 FiG. 4. 


Some caſks whoſe ſtaves are remark - 
ably bended about the middle, and 
ſtraight rowards the ends, may be taken 
for two portions of cones, without any 
confiderable error. Thus ABEF is a 
fruſtum of a right cone, to whoſe baſe 
EF, on the other fide, there is another 
fimilar fruſiam of a cone joined EDCE. 
The vertices of theſe cones, if they be 
fappoſed to be compleated, will be found 
at & and H. Whence, by the preceeding 
Prop. the fohd content of fach veſſels 
may be found, as 


PROP. 
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PROP. VI. 


FT nkOoR. FI G. 5. 


\ Cylinder circumſcribed about a ſphere, 
that is, having its baſe equal to a 
great circle of the ſphere, and its height 
equal to the diameter of the ſphere, is to 
the ſphere as 3 to 2. 

Let ABEC be the quadrant of a circle, 
and ABDC the circumſcribed ſquare; and 
likewiſe the triangle ADC ; by the revo- 
hation of the figure about the right line 
AC, as axis, a hemiſphere will be gene- 
rated by the quadrant, a cylinder of the 
ſame baſe and height by the ſquare, and 
a cone by the triangle. Let theſe three 
be cut any how by the plane HF, paral- 
le] to the baſe AB, the ſection in the cy- 
linder will be a circle whoſe radius is 
FH, in the hemiſphere a circle of the ra- 
dius EF, and in the cone a circle of the 
radius GF. 


By 


N 
8 
LY 
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By the 47th 1. Eucl. EAg, or HFg 
=EFq and FAR taken together, (but Alg 
=FGg, becauſe AC=CD); therefore the cir- 
cle of the radius HF is equal to a circle 
of the radius EF together with a circle 
of the radius GF; and fince this is true 
every where, all the circles together de- 
ſcribed by the reſpective radii HF (that 
is, the cylinder) are equal to all the circles 
deſcribed by the reſpective radi: EF and 
FG (that is, to the hemiſphere and the 
cone taken together); but, by 10th 12. 
Eucl. the cone generated by the tri- 
angle DAC is one third part of the 
_ cylinder generated by the ſquare BC. 
Whence it follows, that the hemi- 
ſphere generated by the rotation of the 
quadrant ABEC is equal to the remaining 
two third parts of the cylinder, and that 
the whole ſphere is 3 of the double cy- 
linder circumſcribed about it. 

This is that celebrated 39th Prop r. 
book of Archimedes of the ſphere and 

cylinder; 


= 
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eylinder ; in which be determines the 
portion of the  eylinder — 
K 


e OELAnE 


Hence it follows, that the ſphere is e 
quial to a cone whoſe height is equal to 
For. its baſe a circle equal to the ſuper+ 
ficies of the ſphere, or to four great cir- 
des of the ſphere, or to a circle whoſe 
radius is equal to the diameter of the 
here, by 14th Prop. ad part of this. And 
indeed a fphere differs very little from 
the ſum of an infinite number of coins 
that have their baſes in the ſurface of 
the centre of the ſphere; ſo that the ſa 
perficies of the ſphere, (of whoſe dimen- 
ſion ſee 14th Prop. ad part of this) mu 
tiplied into the third part of the ſemidĩ · 
ameter, gives the ſolid content of the 
ſphere. 


PROP. 
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PROP. VI. 
ProB. Fic. 6. 


To find the ſolid content of e ſeftor of the 
ſphere, 1 


A Spherical Sector ABC (as appears 
by the Corol. of the preceeding 
Prop.) is very little different from an in- 
finite number of cones, having their ba- 
ſes i in the ſuperficies of the ſphere BEC, 
and their common vertex in the Centre, 
Wherefore the ſpherical ſuperſicies BEG 
being found (by 15. Prop. 2d part), and 
multiplied i into the third part of AB the 
radius of the. ſphere, the product will 
give the $4 content of the Gator ABC. 


 C£OROEL 4 R TR 


It- is evident how to find the ſolidity 
of a ſpherical ſegment leſs than a he- 
miſphere, by ſubtracting the cone ABC 


N 4 * 
FA. * 
5 , 
* 


from the ſector already found. But if 
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the ſpherical ſegment be greater than a 
hemiſphere, the cone correſponding muſt 
be added to the ſector, to make the ſeg- 
ment, | 


P R O P. vn. 


ProB. FIG. 7. 


To fad the d of the ſpheroid, and of 
its ſegments cut by planes perpendicular to 


Ide axis. 


Prinzen 

that every where EH : EG:: CF : CD; 
but circles are as the ſquares deſcribed 
upon their rays, that is, the circle of the 
radius EH is to the circle of the radi- 
us EG, as CFq to CDg. And fince it 
is ſo every where, all the circles de- 
ſcribed with the reſpective rays EH, 
(chat is, the ſpheroid made by the rota- 
tion of the ſemi- ellipſis AFB around the 
axis AB) will be to all the circles de- 
| ſcribed 


w 


1 = | * 
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ſcribed by the reſpective redis EG, (that 
is, the ſphere deſcribed by the rotation 
bf the ſemicircle ADB on the axis AB) 
as FCq ts CDq; that is, as the ſpheroid 
to the ſphere on the ſame axis, ſo is the 
- fquare of the other axis of the genera- 
ting ellipſe to the ſquare of the axis of 
the ſphere. 
be found by a revolution around the 
_ greater or leſſer axis. 


COROLLARY 1. 


Hence it appears, that the half of the 
ſpheroid; formed by the rotation of the 
ſpace AH around the axis AC, is dou- 
ble of the cone generated by the triangle 
AFC about the ſame axis ; which is the 
32d Prop. of Archimedes, of conoids and 
ſpheroids. 


COROLLARY 2. 


Hence likewiſe is evident the meaſure 
of ſegments of the ſpheroid cut by planes 
Q perpendicular 
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perpendicular to the axis, For the ſeg- 
ment of the ſpheroid made by the rota-- 
tion of the ſpace ANHE, round the axis 
AE, 1s to the ſegment of the ſphere ha- 
ving the ſame axis AC, and made by the 
rotation of the ſegment of the c 
AMGE, as CF to CDg. 

But if the meaſure of this ſolid be 
wanted with leſs labour, by the 34th 
Prop. of Archimedes, of conoids and 
ſpheroids, it will be as BE to AC+EB, 
ſo is the cone generated by the rotation 
of the triangle AHE round the axis AF, 
to the ſegment of the ſphere made by 
the rotation of the ſpace ANHE round 
the ſame axis AE; which could eafily be 
demonſtrated (was this a proper place 
for it) by the method of individbles. 


COROLLARY 2. 


Hence it is eaſy to find the ſolid con- 
tent of the ſegment of a ſphere or ſphe- 
roid intercepted between two parallel 


Rum perpendicular to the axis. This 
agrees 
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agrees as well to the oblate as to the ob- 
Jong ſpheriod; as is obvious. 
COROLLARY 4. Fic. 8. 


If a caſk is to be valued as the mid- 
dle piece of an oblong ſpheroid, cut by 
the two planes DC and FG, at right 
angles to the axis: Firſt, Let the ſolid 
content of the half ſpheroid ABCED 
be meaſured by the preceeding Prop. 
from which let the ſolidity of the ſeg- 
ment DEC be ſubtracted, and there will 
remain the ſegment ABCD; and this 
doubled will give the e of the 
caſk required. 

The following method is generally 
made uſe of for finding the ſolid content 
of ſuch veſſels. The double area of the 
greateſt circle, that is, of that which is 
deſcribed by the diameter AB at the mid- 
dle of the caſk, is added to the area of 
the circle at the end, that is of the cir- 
cle DC or FG (for they are uſually e- 
qual), and the third part of this ſam 

18 
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is taken for a mean baſe of tlie caſk ; 
which therefore multiplied into the length 
of the caſk OP, gives the content of the 
veſſel required. 

| Sometimes veſſels have other 6gures, 
different from thoſe we have mentioned; 
the eaſy methods of meaſuring which 
may be learned from thoſe who practiſe 
this art. What hath already been de- 


| lverpd, is ſufficient for our purpoſe. 


PROP. IX, 
PRoB. FIG. 9. and 10. 
To find how much is contained i in 4 veſſel that 


is in part empty, whoſe axis is parallel to 
the horrizon, 


ET AGBH be the great circle in the 
ILL middle of the caſk, whoſe ſegment 
GBH is filled with hquor, the ſegmenr 
GAH being empty ; the ſegment GBH 
3s known, if the depth EB be known, 

and 


mW. 
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20d EH a mean proportional between 
the ſegments of che diameter AB and EB; 
which are found by a rod or ruler put 
into the veſſel at the orifice. Let the ba- 
ſis of the caſł, at a medium, be found, 
which ſuppoſe to be the circle CKDL; 
and let the ſegment KCL be fanular to 
the ſegment GAH (which is either found 
dy the rule of three, becauſe as the cir- 
= CO SRO ee Us ſo is 
he ſegment GAH to the ſegment KCL; 
of is found from the tables of ſegments 
made by authors) ; and the product of 
this ſegment multiplied by the lengrh 
remaining in the ca. 


PRO P. X. Pros. 


To find the folid content of a regular and or- 
| dmate body. 


Tetraedron being a pyramid, the 
£ 3 ſolid content is found by the 2 
Prop. of this part. The Hexaedron, 
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or cube, being a kind of priſin, it is mea- 
ſured by the iſt Prop. of this part. An 
Octaedron confiſts of two pyramids of 
the ſame ſquare baſe and of equal heights ; 
conſequently its meaſure is found from 
the ſecond Prop. of this part. A Dode- 
caedron conſiſts of twelve pyramids ha- 
ving equal acquilateral and acquiangular 
pentagonal baſes; and ſo one of theſe 
being meaſured (by 2d Prop of this) and 
multiplied by 12, the product will be e- 
qual to the ſolid content of the Dodecae- 
dron. The Icofiaedron confiſts of 20 e- 
qual pyramids having triangular baſes ; 
the ſolid content of one of which being 
found (by the 2d Prop. of this) and mul- 
tiplied by 20, gives the whole ſolid. The 
baſes and heights of theſe pyramids, if 
you want to proceed more exactly, may 
pe found by Trigonometry. | 


PROP, 
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PROP. XI. Pros. 
To find the ſolid content of a body, however i 


irregular. 


E the given body be immerſed in- 
to a veſſel of water, having the fi- 
gure of a parallelopipedon orpriſm, and let 
it be noted how much the water is raiſed 
upon the immerſion of the body. For it 
is plain that the ſpace which the water 
fills, after the immerſion of the body, 
exceeds the ſpace filled before its immer- 
fion, by a ſpace equal to the ſolid con- 
tent of the body, however irregular. But 
when this exceſs is of the figure of a pa- 
rallelopipedon or priſm, it is eaſily mea- 
ſured by the firſt Prop. of this part, to 
wit, by multiplying the area of the baſe, 
or mouth of the veſſel, into the difference 
of the elevations of the water before and 
after immerſion. Whence is found the 
ſolid content of the body given. Q. E. I. 
In the ſame way the ſolid content of a 
part of a body may be found, by immer- 
ing that part only in water. 


There 
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1 There is no neceſſſty to infiſt here o 
| diminiſhing or enlarging folid bodies in 
a given proportion. It wifl be eaſy to 
deduce theſe things from the 11th and 
12th books of Euchd. 
The following rules are ſubjoined 
6 for the ready computation of the con» 
* tents of veſlels, and of any ſolids in 
© the meaſures in uſe in Great Britain. 
1. To find the content of a cylin- 
* dric veſſel in Engliſh wine gallons, the 
« diameter of the baſe and aleitude of 
© the veſſel being given in inches and we 
<« cimals of an inch. 
© Square the number of inches in 
© the diameter of the veſſel; multiply 
this ſquare by the number of inches 
« in the height: then makiply the pro- 
duct by the decimal fraction .0034; 
and this laſt product hall give the 
content in wine-gallons and decimals 
* of ſuch a gallon. To exprefs the 
rule . inn D repreſent 
* the | 
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the number of inches and decimals of 
an inch in the diameter of the veſſel, 
« and H the inches and decimals of an 
inch in the height of the veſſel ; then 
* the content in wine-gallons ſhall be 
% DDH X, or DDH x .0034. Ex, 
Let the diameter D=;1.2 inches, the 
„height H=62.3 inches, then the con- 
% tent ſhall be 51.2 * 51. 2 & 62.3 *. 034 
« =555.27,342 wine gallons. This rule 
* follows from Prop. 7. of the ſecond 
part, and Prop. 3. of the third part; 
„ for, by the former, the area of the baſe 
* of the veſlel js in ſquare inches DD x 
4854; and by the latter, the content 
« of the veſſel in ſolid inches is DDH x 
« 7854; which divided by 231 (the num- 
« ber of cubical inches in a wine-gallon) 


„ gives DDH x.0034, the content in 


«« wine-gallons, But though the charges 
% jn the Exciſe are made (by ſtatute) on 
« the ſuppoſition that the wine-gallon 
« contains 23 cubical inches; yet it is 
* ſaid, that in ſale, 224 cubical inches, 

R „ 
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the content of the ſtandard meaſured in 


* Guildhall (as was mentioned above) 
* are allowed to be a wine-gallon. 

* Il. Suppoſing the Engliſh ale-gallon 
* to contain 282 cubical inches, the con- 
< tent of a cylindric veſſel is computed 
* in ſuch gallons, by multiplying the 
< ſquare of the diameter of a veſſel by 
« jts height as formerly, and their pro- 
« duct by the decimal fraQtion .0,027,851. 
% That is, the ſold content in ale gal- 
« Jons is DDH . o, 027,851. 

«« III. Suppoſing the Scots pint to con- 
« tain about 103. 4 cubical inches, (which 
« is the meaſure given by the ſtandards 
« at Edinburgh, according to experi- 
« ments mentioned above), the content 


« of a cylindriac veſſel is computed in 
« Scots pints, by multiplying the ſquare 
« of the diameter of the veſſel by its 
** height, and the product of theſe by the 
66 decimal fraction 006. Or the con- 
| tent 


a 
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*© tent of ſuch a veſſel in Scots — 
i DDH K . 0076. 
*IV. Suppoſing the Wincheſter buſhel 
* to contain 21875 cubical inches, the 
* content of a cylindric veſſel is com- 
4% prited in thoſe buſhels by multiply- 
© ing the ſquare of the diameter of the 
*« veſſel by the height, and the product 
* by the decimal fraction :0,003,606. 
% But the ſtandard buſhel having been 
« meaſured by Mr Everard and others 
& in 1696, it was found to contain on- 
* jy 2145.6 ſolid inches; and therefore 
ic it was enacted in the act for laying a 
% duty upon malt, That every round bu- 
« (hel, with a plain and even bottom, being 
4181 inches diameter throughout, and 8 
ie ;aches deep, ſhould be eſteemed a legal Win- 

& cheſter buſhel. According to this act 
4 (ratified in the firſt year of Qpeen 
4% Ajine) the legal Wincheſter buſhel 
© contains only 2150.42 ſolid inches. 
* And the content of a cylindric veſſel 
t is computed in ſuch buſhels, by mul- 
« tiplying 
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r tplying the ſquare of the diameter 
« by the height, and their product by 
the decimal fraction .0,003,625. Or 
** the content of the veſſel in thoſe bu- 
* ſhels is DDH x ,0,003,625. 

VV. Suppoſing the Scots wheat firlot 
* to contain 214 Scots pints, (as is ap- 
* pointed by the ſtatute 1618), and the 
* pint to be conform to the Edinburgh 
** ſtandards above mentioned, the con- 
tent of a cylindric veſſel in ſuch fir- 
« lots is computed by multiplying the 
« ſquare of the diameter by the height, 
% and their product by the decimal 
„fraction .Ac0,358, This firlot, in 
« 1426, is appointed to contain 17 
« pints; in 1457, it was appointed to 
contain 18 pints ; in 1587, it is 19% 
* pints; in 1628, it is 214 pints: And 
*« though this laſt ſtatute appears to 
© have been founded on wrong compu- 
« tations in ſeveral reſpects; yet this 
« part of the act that relates to the 
* number of pints in the firlot ſeems 
: 66 to 


PRACTICAL GEOMETRY. 133 


© to be the leaſt exceptionable; and 
© therefore we ſuppoſe the firlot to con- 
4 tain 213 pints of the Edinburgh ftan- 
es dard, or about 2197 cubical inches ; 
& which a little exceeds the Wincheſter 
s buſhel, from which it may have been 
originally copied. 
«« VI. Suppoſing the bear-firlot to con- 
* tain 31 Scots pints, (according to the 
e ſtatute 1618), and the pint conform to 
ee the Edinburgh ſtandards, the content 
* of a cylindric veſſel in ſueh firlots is 
< found by multiplying the ſquare of 
te the diameter by the height, and this 
product by. ooo, 245. 
When the ſection of the veſſel is not 
_ * a circle, but an ellipſis, the product of 
< the greateſt diameter by the leaſt, is to 
* be ſubſtituted in thoſe rules for the 
* ſquare of the diameter. 
« VIE. To compute the content of a 
« veſſel that may be conſidered as a fru- 
« fum of a cone in any of thoſe mea» 
6 ſures. Fo 


«« Let 
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Let A repreſent the number of ini! 
* ches in the diameter of the greate? 
* baſe, B the number of inches in the 
% diameter of rhe leſſer baſe. Compute 
* the ſquare of A, the product of A mul- 
* tiplied by B, and the ſquare of B, and 
* collect theſe into a ſum. Then find the 
* third part of this ſum, and fubſtitute 
* it in the preceeding rules in the place 
* of the ſquare of the diameter; and 
* proceed in all other reſpects as before. 
“Thus, for enample, the content in wine- 
« gallons is AA x AB x BB x „ H 
Or, to the ſquare of half the funi 
« of the diarneters A and B, add one 
te third part of the ſquare of half their 
difference, and ſubſtitute this ſuni 
jn the preceeding rules for the ſquare 
* of the diameter of the veſſel; for the 
es ſquare of 1 A x B added to; of the 
* ſquare of 3 A- B, gow 3 A x 
** FAB x 3 BB. 


„VIII. Wen 
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VIII. When a veſſel is a fruſtum of 
_ $* a parabolic conoĩd, meaſure the dia- 
* meter of the ſection at the middle of 
te the height of the frufum; and the 
* content will be preciſcly the ſame as of 
% a cylinder of this diameter, of the 
« ſame height with the veſſel. 
© IX. When a veſſel is a frufum of a 
* ſphere, if you meaſure the diameter of 
e the ſection at the middle of the height 
of the fruſtum, then compute the con- 
t tent of a cylinder of this diameter of 
e the ſame height with the veſſel, and 
* from this ſubtract 3 of the content of 
5 a cylinder of the ſame height, on a 
% baſe whoſe diameter is equal to its 
* height ; the remainder will give the 
% content of the veſſel. That is, if D 
« repreſent the diameter of the mid- 
« le ſechon, and H the height of 
22 you are to ſubſtitute DD 
— HH for the ſquare of the dia- 
. ele inthe fr 
fix rules. 


X. When 
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4X. When the veſſel is a /rafum of 
46 ſpheroid, if the baſes are equal, the 
4 content is readily found by the rule 
4% in p. 120. In other caſes let the axis 
* of the ſolid be to the conjugate axis, 
« as to 1; Let D be the diameter of 
the middle ſection of the frufum, H 
„de height or length of the /rufum; 
te and ſubſtitate in the firſt fix rules 
« DD——= for the ſquare of the ſquare 
te of the diameter of the veſſel. 

„NI. When the veſſel is an hyperbo- 
1 lic conoid, Jet the axis of the ſolid be 
* to the conjugate axis, as n to 1, D 
20 the diameter of the ſcion at the mid- 
% dle of the fruſium, H the height or 
length: Compute DD x = x HH, and 
« ſabſtirate this ſum for the ſquare of 
« the diameter of the cylindric veſſel in 
te the firſt fix rules. 

XII. ee 
% fare any round veſſel, by diſtinguiſh- 
ing it into ſeveral jrafams, and taking 


„ middle 
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middle of each froftum; thence to com- 
« pate the content of each, as if it was 
« a cylinder of that mean diameter; and 
* the veſſel. From the total content, com- 
« puted in this manner, they ſubſtract 
e ſacceſfively the numbers which expreſs 
* the circular areas that correſpond to 
* thoſe mean diameters, each as often 
* as there are inches in the altitude of 
the fruſtum to which it belongs, be- 
« ginning with the uppermoſt; and in 
% this manner calculate a table for the 
_ © veſſel, by which it readily appears how 
much liquor is at any time contained 
« inches ; having regard to the inclina- 
tion or drip of the veſſel, when it has 
* any» . 
This method of computing the con- 
i tent of a fruſtum from the diameter of 
© the ſection at the middle of its height, 
« js exact in that caſe only when it is a 
*« portion of a parabolic conoid; but in 
8 * fuch 
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« fach veſſels as are in common uſe, the 
„ error is not conſiderable. When the 
e veſſel is a portion of a cone or hyper- 
* bolic conoid, the content by this me- 
thod is found leſs than the truth ; but 
*« when it is a portion of a ſphere or 
* ſpheroid, the content compured in this 
% manner exceeds the truth. The differ- 
* ence or error is always the ſame, in the 
different parts of the fame or of ſimilar 
a veſſels, when the altitude of the F uſum 
« js given. And when the altitudes are 
different, the error is in the triplicate 
„ ratio of the altitude. If exactneſs be 
% required, the error in meaſuring the 
fruſlum of a conical veſſel, in this 
„% manner, is * of the content of a cone 
* fimilar to the veſſel, of an altitude 
* equal to the height of the fruſlum. 
In a ſphere, it 5+ cf a cylinder of 
* a diameter and height equal to the 
** fruſlum- In the ſpheroid and hyperbo- 
„lic conoid, it is the ſame as in a cone 
generated by the right angled triangle, 

ns TR contained 
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* contained by the two ſemiaxes of the 
figure, revolving about that fide which 
* js the ſemiaxis of the fruſum. Theſe 
* are demonſtrated in a treatiſe of fla- 
« xions by Mr Colin MacLaurin, p 22, 
© and 715. where thoſe theorems are 
% bounded by planes oblique to the axis 
zin all the ſolids that are generated by 
any conic ſection revolving about 
seither axis. 
In the uſual method of computing 
« x table for a veſſel, by ſubducting from 
« the whole content the number that 
«« exprelles the uppermolt area, as often 
« as there are inches in the uppermoſt 
*« fruj-un, and afterwards the numbers for 
e the other areas ſuccethvely ; it is ob- 
* yious that the contents aſſigned by the 
« table, when a few of the uppermoſt 
„inches are dry, are ſtated a little too 
„high, if the veſſel ſtands on its leſſer 
„ baſe, but too low when it ſtands on 
&« its greater baſe ; becauſe, when one 
jnch is dry, for example, it is not the 
Larea 
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area at the middle of the gppermaſt 
* fruſium, but rather the area at the mid- 
dle of the uppermoſt inch, that ought 
to be ſubducted from the total content, 
in order to find the content in this 
* caſe. | 
III. To meaſure round Abe, Let 
* the mean circumference be faund in 
* feet and decimals of a foot; ſquare it; 
** multiply this ſquare by the decimal 
96.079.577. and the product by the length · 
« Ex. Let the mean circumference of a 
e tree be 10. 3 feet, and the length 24 feet. 
„Then 10 3 K 10.3X 079,577 X 240 
« ,615, is the number of cubical feet in 
the tree. The foundation of this rule 
is, that when the circumference of a 
circle is 1, the area is 0,795,774, 715, 
„and that the areas of circles are as 
the ſquares of their circumferences. 


But the common way uſed by ar- 
* tificers for meaſuring round timber, 
differs much from this rule. They 
* call one fourth part of the circumfe- 

* rence 
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' *© rence; the girt, which is by them 
e reckoned the fide of a ſquare, whoſe 
« of the tree; therefore they ſquare the 
«« girt, and then multiply by the length 
« of the tree, According to their me- 
« thod, the tree of the laſt example would 
„be computed at 159. 13 eubical feet 
1 only. | 
Ho ſquare timber is meaſured, will 
e be eaſily underſtood from the: preceed- 
ing Propoſitions. Fifty ſolid feet * 
e hewn timber, and forty of * tim- 
46 ber, make a load. | | 
XIV. To find the burden of a ſhip, 
« or. the number of tons it will carry, 
the following rule is commonly given. 
« Moltiply the length of the keel taken 
40 within board, by the breadth of the 
«ſhip within board, taken from the mid- 
« ſhip beam from plank to plank, and 
the product by the depth of the hold, 
% taken from the plank below the keelſon 
to the under part of the upper deck 


«c plank, 
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«plank, and divide the product by 94, 
* the quotient is the content of the ton- 

* nagerequired. This rule however can- 
not be accurate; nor can one rule be 
* ſuppoſed to ſerve for the meaſuring 
* exactly the burden of ſhips of all ſorts. 
* Of this the reader will find more in 
* the Memoirs of the Royal Academy of 
* ſciences at Paris for the year 1721, 
„Our author having ſaid nothing of 
weights, it may be of uſe to add brief- 
« ly, that the Engliſh 1roy-pound con- 
s tains 12 ounces, the ounce 20 penny+ 
weight, and the penny weight 24 
grains; that the Averdupois pound 
* contains 16 ounces, the ounce 16 drams, 
% and that 112 pounds is uſually called 
* the hundred weight. It is commonly 
«+ ſuppoſed that 14 pounds Averdupois 
are equal to 17 pounds Troy. Ac- 
** cording to Mr Everard's experiments, 
** one pound Averdupois is equal to 14 
** aunces 11 penny-weight and 16 grains 
rrey, 
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*« Troy, that is, to 7000 grains; and 
„an Averdupois ounce is 437; grains. 
The Scots Troy pound (which, by the 
« ſtatute 1718, was to be the ſame with 
«© the French) is commonly ſuppoſed 
66 equal to 1 52 Ounces Engliſh Troy, or 
« 7560 grains. By a mean of ſtandards 
« Fept by the Dean of Guild of Edin- 
« burgh, it is 75997: or 7600 grains, 
« They who have meaſured the weights 
«© which were ſent from London, after 
ic the union of the kingdoms, to be the 
4 ſtandards by which the weights in 
% Scotland ſhould be made, have found 
the Engliſh Averdupois pound (from 
« medium of the ſeveral weights) to 
« weigh 7000 grains, the fame as Mr 
% Everard; according to which, the 
« Scots, Paris, or Amſterdam pound, 
« will be to the pound Averdupois as 
38 to 3 8. The Scots Troy ſtone con- 
* tains 16 pounds, the pound two marks 
or 16 ounces, an ounce 16 drops, a 


“drop 
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« drop 36 grains. Twenty Scots ounces 
„make a Tron pound; but becauſe it is 
* uſual to allow one to the fore, the 
«© Tron pound is commonly 21 ounces. 
Sir John Skene however makes the 
% Tron ſtone to contain only 195 


* pounds,” 


